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J FIELD OF THE INVENTION 

U, The invention provides isolated nucleic acid and amino acid sequences of 

S Xenopus CENP-E (XCENP-E), antibodies to XCENP-E, methods of screening for CENP- 
O E modulators using biologically active CENP-E, and kits for screening for CENP-E 
^O modulators. 



BACKGROUND OF THE INVENTION 
Segregation of genetic material during mitosis is mediated by the 
microtubules of the mitotic spindle (see, e.g., Mcintosh, in Microtubules, pp. 413-434 

25 (Hyams & Lloyd, eds., 1994). During mitosis, chromosomes are dynamically attached to 
spindle microtubules via the kinetochore, which is a structure located at the centromere of 
the chromosome. Kinetochores are involved in coordinating chromosome movement via 
microtubule assembly and disassembly. The kinetochore and its component proteins thus 
play an important role in the dynamics of mitosis. 

30 Spindle microtubules have a defined polarity, with their slow-growing, 

"minus" ends anchored at or near the spindle pole, and their dynamic, fast-growing 
"plus" ends interacting with chromosomes (Mcintosh, et al, J. Cell Biol. 98:525-533 

7. 



2 



„984)) During prometaphase, chromosomes esurblish ta.erac.ions « the fast-growing 
1 ends of microtubules via t. Knetochore. Chromosomes men undergo a series of 
Lotobule-dependen. movements, cuunlnaung in alignment a, the metaphase plate, 
^distant from me two spindle poles. Ms process is called -congress*,' However, 
5 I molecular mechanisms underlying chromosome congression are poorly understood 
Urn e S Weder, el ... J. Cell Biol. 124:223-33 (1994)). A major question has been 
wh«ber any Hnetochore-associated microtubule motors play an important role m 

congression. v 
Tie mo predominant and opposing forces are currently thought to be 

10 responsible for chromosome movement durtag congression: (1) an anti-poieward polar 

3 Z associated wim regions of high microtubule density near the spmdle poles . (2, 

V am - Waters, « A. /• Cell SC. 109:2823-2831 (1996); reviewed in Rreder, « al., In,. 

I 79:1-57 (1982); Mitcbison, « ^ »* Cell Bio,. 4:527-49 (1988); 

Is E i=der,««!.,^.a«SW-lW-2M-33 (1994)). 

+■ smdies to virro have demonstrated the presence of both plus and minus 

» these chromosome movement (Mitcbison, el al., J. Cell Biol. 10.:766-77 (1985), 

» Hyman « al.. Name 351:206-211 (1991)). The ouatanding issue, however, has been 

4, meidenutyofmemolecmesatme^horewhichactasmoto^ 

force for chromosome movement. 

In general, both genetic and biochemical approaches have demonstrated 

OT cial ro.es for microtubule motors in sptadle assembly, spindle pofc 

nation of spind.e microtubule dynamics. These motors taclude Eg5, CHOI MKlpl, 

25 nc! cut7 bimC, C1N8, HP1. KAR3. X*lp2. XKCM1, and XCTK2 (Sawm, « al 

NaKre 3 9 540-543 (1992); Blangy, , ... OB 83:1159-1169 (1995); Sawin. « A. /• 
"l^ (.991,; N,ow, . , « ~ "-2^-- 
„«l y&liSci 107:859-867 (1994); Hagan, « ... N<*« 347:563-566 (1990), 
£ «- <«* Hnos, . « 60:10.9-1027 («* »* - 

3„ " 7o« Bioi. .18:109-120; Roof, . ... /. Cell Bio, 1.8:95-108 (1992); Saunders * 
0-45M58 (.992), Bo.eti, el al.. , Ceil. Biol. .25:1303-1312; Walcza*. - a,.. 
Cell 84:37-47 (.996); Walcalc, , ... /. ™. 136:859-70 (.997)). Two fcnesm 
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superfamily members, Xenopus Xklpl and Drosophila nod localize to chromosome arms. 
With the exception of these two chromatin-associated motors, which are thought to 
mediate polar ejection forces, none of these other proteins have been implicated directly 
in congression or in chromosome movement during other phases of mitosis (Theurkauf , et 
5 al., J. Cell Biol. 116:1167-1180 (1992); Afshar, et al, Cell 81:129, Cell 81:128-138 
(1995); Vernos, et al, Trends in Cell Biol. 5:297-301 (1995)). 

A candidate for powering chromosome movement in mitosis is 
centromere-associated protein-E (CENP-E), a member of the kinesin superfamily of 
microtubule motor proteins. Human CENP-E has been cloned and is an integral 
10 component of the kinetochore (Yen, et al, Nature 359:536-539 (1992); Yao, et al, The 
O microtubule motor CENP-E is an integral component of kinetochore corona fibers that link 
% centromeres to spindle microtubules (manuscript)). CENP-E localizes to kinetochores 
W throughout all phases of mitotic chromosome movement (early prometaphase through 
S anaphase A) (Yen, et al, Nature 359:536-539 (1992); Brown, et al., J. Cell Biol. 
%5 125:1303-1312 (1994); Lombillo, et al, J. Cell Biol 128:107-115 (1995)). 

Previous efforts have suggested a role for CENP-E in mitosis. 
!l Microinjection of a monoclonal antibody directed against CENP-E into cultured human 
E cells delays anaphase onset (Yen, et al., EMBO J. 10:1245-1254.(1991)). Anti-CENP-E 
S antibody injection into maturing mouse oocytes induces arrest at the first reductional 
lo division of meiosis (Duesbery, et al., Proc. Natl. Acad. Sci. USA (in press, 1997)). 
Antibodies against CENP-E block microtubule depolymerization-dependent minus end- 
directed movement of purified chromosomes in vitro (Lombillo, et al, J. Cell Biol. 

128:107-115 (1995)). 

However, these experiments have not demonstrated the precise role of 

25 CENP-E in mitosis, nor have they shown the activity of CENP-E, in particular any motor 
activity. Recently, CENP-E was reported to be associated with minus end-directed 
microtubule motor activity, raising the possibility that CENP-E might be responsible for 
poleward kinetochore movements (Thrower, et al, EMBO J. 14:918-926 (1995)). 
However, biologically active CENP-E has never been isolated, neither from naturally 

30 occurring nor recombinant sources. 
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SUMMARY OF THE INVENTION 
The present invention provides for the first time biologically active 
CENP-E and surprisingly demonstrates, contrary * previous reports, that CENP-E is a 
motor tot powers chromosome movement toward microtubule plus ends. Usmg 
^unodepletion and antibody adoption to W egg extincts, the present^ mvention 
S^er demonstrates that CENP-E plays an essential role in congress**, The present 
Uwentiou also provides for the firs, time the nucleotide and amino acid sequence of 

isolated Xenopus CENP-E. 

In one aspect, the invention provides an isolated, biologically active 
CENP-E protein, wherein the CENP-E protein has the following properties: (i) at least 
3 one activity selected from the group consisting o, plus endued microbe motor 
3 activity. ATPase activUy, and microtubule binding activity; and (ii) the abdrty to 
H " iLy bind ,„ polyclonal antibodies generated against CENP-E. In one en— t, 
S 1 CENP-E protein has an average molecular weight of about 300-350 ffia. 
« In one embodiment, the CENP-E protein has an amino acid sequence 

having a, least 34%, or alternatively a, least 45,, or actively atleas. 55„= 
' ■ identity With a XCENP-E motor domain of SEQ ID NO:l. Alternative,,, CENP-E^s 
■ .east 60%, 65% or 70% sequence identity with a XCENP-E -totdon^fSEQE 
S N0 ., In an alternative embodiment, the CENP-E has 70%, or alternatively 
lo lativ ely S0%, or actively 35%, or alternatively *% or alternative » - 
acid sequence identity to a Xenopus CENP-E core motor domam as measured usmg a 
ZZ comparison aigorithm. In an Amative embodiment, tie CENP-E protem has 

" — — provided here,, the CENP-E protein is encoded by 

. nudeic acid sequence having a. least 70% sequence identity with SEQ ID 
another aspect of the present invention, the CENP-E protem is encoded by a nuclerc actd 
which hybridizes under high stringency to a nucleic acid having a sequence 

complementary to that of SEQ ID NO:2. 

to one embodiment, the CENP-E protein is from a human. In alternative 
30 embodunents provided herein, the CENP-E protein is from fungus^ or plants. 

u an alternative embodiment provided herein, the CENP-E protem 
sp£ cifica,ly binds to antibodies generated against CENP-E (XCENP-E,. In th,s 



25 



• 



5 



embodiment, the CENP-E protein has an amino acid sequence having greater than 70%, 
or alternatively 75% sequence identity with a XCENP-E motor domain of SEQ ID NO:l. 
In another embodiment, the CENP-E protein has an amino acid sequence of a XCENP-E 

motor domain of SEQ ID NO: 1. 

In the embodiments wherein the CENP-E is biologically active as described 
herein, the amino acid sequence can have 74% or less sequence identity with the motor 

domain of SEQ ID NO:l. 

Also provided herein is an isolated nucleic acid sequence encoding a 
CENP-E gene product, said sequence encoding a protein having a core motor domain that 
has greater than 70% or alternatively 75% amino acid sequence identity to a Xenopus 
CENP-E (XCENP-E) core motor domain as measured using a sequence comparison 
algorithm, and specifically binding to antibodies raised against CENP-E. In one 
embodiment, the sequence has a nucleotide sequence of SEQ ID NO:2. The sequence 
comparison algorithm can be PILEUP. 

In another aspect of the invention, an antibody which specifically binds to 

CENP-E is provided. 

Also provided herein is a method for identifying a candidate agent as a 
compound which modulates CENP-E activity. The method comprising the steps of 
deterrnining CENP-E activity in the presence of a candidate agent at a control 
concentration. The CENP-E activity is selected from the group consisting of plus 
end-directed microtubule motor activity, ATPase activity and microtubule binding 
activity. The method further comprises the steps of determining said CENP-E activity m 
the presence the candidate agent at a test concentration, wherein a change in activity 
between the test concentration and the control concentration of said candidate agent 
indicates the identification of a compound which modulates CENP-E activity. The 
method can further comprise the step of isolating biologically active CENP-E from a ceU 
sample. 

The compound to be identified can be a lead therapeutic, bioagricultural 
compound or diagnostic. Preferably the compound is an antibody which specifically 
binds CENP-E. In one embodiment the method further comprises the step of modifying 
the antibody to be a humanized antibody. In one embodiment, the method is performed 
in a plurality such that many candidate agents are screened simultaneously. 
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The invention also includes kits for screening for modulators of CENP-E. 
The kit includes a container holding biologically active CENP-E and instructions for 
assaying for CENP-E activity, wherein the CENP-E activity is plus end-directed 
microtubule motor activity or ATPase activity. 
5 The invention also provides a method of producing a biologically active 

CENP-E polypeptide. The method includes the steps of transforming a cell with a vector 
comprising the nucleic acid sequence encoding the motor domain of CENP-E; expressing 
said nucleic acid to produce a gene product; purifying said gene product; and identifying 
ATPase activity or plus-end directed microtubule activity of said gene product. 
10 In another aspect of the invention, a method of moving microtubules in a 

Q plus ended direction is provided wherein microtubules are contacted with biologically 
!H active CENP-E. 

m In one embodiment the CENP-E is provided in gene form to a cell 

Jzi 

comprising microtubules. 
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f BRIEF DESCRIPTION OF THE DRAWINGS 

?~ Figure 1A-C: Identification of Xenopus CENP-E 

Figure 1A: Structural comparison ofXenopus and human CENP-E. 
2 Hatched regions represent regions predicted to form a-helical coiled coils (Lupas, et al. f 
So Science 252, 1162-1164 (1991)). Within the N-terminal globular domains of both 

hCENP-E and XCENP-E there is a domain of -324 amino acids corresponding to the 
kinesin like motor domain. Within these 324 amino acids XCENP-E and hCENP-E are 
74% identical. One cDNA clone encoded a protein with a 9 amino acid insertion relative 
to the other cDNAs isolated (see Example I and methods). The position of this insertion 
25 is marked by the arrowhead. XCENP-E contains a putative nuclear localization signal 
(NLS) at the C-terminal end of the rod domain not present in hCENP-E. 

Figure IB: XCENP-E fusion proteins used for polyclonal antibody 

production. 

Figure 1C: Deduced amino acid sequence ofXenopus CENP-E. cDNA 
30 sequence was compiled from 6 overlapping cDNA clones. Residues identical in 

hCENP-E and XCENP-E are shaded. The boxed region at the amino-terminus of the 
sequence is that portion of XCENP-E containing the motor domain and used to assay 
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motility in vitro. The boxed sequence at the C-terminus is that portion of XCENP-E 
designated as the tail. The underlined sequence NSREHSINA (SEQ ID NO:3) at position 
599 is the 9 amino acid relative insertion encoded by one of the cDNAs isolated (see 
Figure 1A). The putative NLS, RKKTK (SEQ ID NO:4), immediately adjacent to the 
5 boxed tail domain is underlined. 

Figure 2A-B: XCENP-E is a Plus End-Directed Microtubule Motor 

Figure 2A: Expression of recombinant XCENP-E in E. coli. XCENP-E 
amino acid residues 1-473 of XCENP-E were fused at the C-terminus to a c-myc epitope 
10 followed by a hexahistidine tag, expressed in E. coli, and purified over Ni-NTA-agarose 
Q resin. Coomassie stain of XCENP-E fusion protein used for motility (lane 1), 
S immunoblot of XCENP-E fusion protein probed with a-myc monoclonal antibody (lane 
ly 2). Arrowheads indicate XCENP-E fusion protein. 

55 Figure 2B: XCENP-E Motility Assay. Microtubules marked near their 

ll5 minus ends with brightly fluorescent seeds were added with ATP to a flow chamber 
T containing purified XCENP-E fusion protein tethered to the coverslip with a-myc 
!t monoclonal antibody. Gliding of microtubules was monitored by time-lapse digital 
ill fluorescence microscopy. Selected time points from one time lapse series, spaced 90 
2 seconds apart are presented. As reference points, the positions ,of the plus ends of 
S20 microtubules numbered 1 , 2, and 3 at the start of continual gliding are marked with solid 
white dots, and the position of a stationary microtubule end is marked with an arrowhead. 
The bright seed of microtubule 3 enters the plane of focus at 1.5 minutes, and glides 13.6 
jtM downward with the bright seed leading over the following 3 minutes. Microtubule 2 
moves continually during the first three minutes, after which point it detaches and 
25 reattaches further toward the bottom of the frame. Microtubule 1 glides minus-end 
leading throughout the entire time course. The average microtubule velocity of all 
microtubules was 5.1 ^m/min ± 1.7 (n=49). Of those, 33 microtubules were 
unambiguously polarity marked, and all glided with their bright seeds leading. Scalebar 
is 5 /mi. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 

I. Introduction 

The present invention provides for the first time biologically active CENP- 
E and demonstrates that CENP-E has a plus end-directed microtubule motor activity. 
5 Biologically active CENP-E was used to show that the kinesin-like motor domain of 
CENP-E powers chromosome movement toward microtubule plus ends. Finally, 
quantitative removal of Xenopus CENP-E ("XCENP-E") from Xenopus egg extracts 
normally capable of assembling mitotic spindles in vitro impairs concession of 
chromosomes to the metaphase plate. Together, these findings demonstrate that CENP-E 
10 plus-end directed microtubule motor activity in vivo is essential for congression during 
O mitosis. 

!;i Functionally, CENP-E is localized in the kinetochores of condensed 

W chromosomes in mitotic cells and has a plus-end directed microtubule motor activity that 
S is ATP dependent {see, e.g., Example n, where ATP or another nucleotide triphosphate 
%5 is included in the motility assay for motor activity). This activity is responsible for 
T chromosome movement during mitosis. Structurally, the full length nucleotide sequence 
!"!" of XCENP-E (SEQ ID NO:2) encodes a protein of 2954 amino acids with a predicted 
Z molecular mass of 340 kDa (SEQ ID NO:l, Figure 1Q. XCENP-E is a member of the 
8 kinesin superfamily of motor proteins as evidenced by the sequence of its motor domain. 
CkO The predicted structure of XCENP-E consists of a 500 amino acid globular 

ammo-terminal domain containing a kinesin-like microtubule motor domain linked to a 
globular tail domain by a region predicted to form a long, discontinuous a-helical coiled 
coil (Lupas, et al, Science 252, 1162-1164 (1991); Berger, et al, Proc. Natl. Acad. Sci. 
USA 92:8259-8263 (1995)) (Figure 1A). Within the core of the motor domain (residues 
25 1-324) XCENP-E and human CENP-E ("hCENP-E") share 74% identity (Moore, et al., 
Bioessays 18:207-219 (1996)). Outside the ammo-terminal domain lie three additional 
regions which share greater than 25 % identity with hCENP-E, but not with other 
kinesin-like proteins (Figure 1). CENP-E is found in Xenopus, mammalian cells, and is 
predicted to exist in some fungi and perhaps Drosophila. 
30 The isolation of biologically active CENP-E for the first time provides a 

means for assaying for enhancers or inhibitors (i.e., modulators) of this essential mitotic 
protein Biologically active CENP-E is useful for testing for enhancers or inhibitors 

°l 



using in vitro assays such as microtubule gliding assays (see, e.g., Example II) or ATPase 
assays (Kodama et al., J. Biochem. 99: 1465-1472 (1986); Stewart et al, Proc. Nat'l 
Acad. Sci. USA 90: 5209-5213 (1993); Sakowicz et al. Science 280:292-295 (1998)). 
For example, inhibitors identified using biologically active CENP-E can be used 

5 therapeutically to treat diseases of proliferating cells, including, e.g., cancers, 
hyperplasias, restenosis, cardiac hypertrophy, immune disorders, and inflammation. 
CENP-E also provides a convenient diagnostic marker for dividing cells. Antibodies or 
other probes for CENP-E can be used in vitro to identify cells that are entering mitosis. 
Inhibitors of CENP-E can also be used in vitro to synchronize cells just prior to entry into 

10 mitosis for use in cell culture. 

SI II. Definitions 

™ As used herein, the following terms have the meanings ascribed to them 

Hi unless specified otherwise. 

^ The terms "isolated" "purified" or "biologically pure" refer to material that 

is substantially or essentially free from components which normally accompany it as 
C found in its native state. Purity and homogeneity are typically determined using analytical 
W chemistry techniques such as polyacrylamide gel electrophoresis or high performance 
O liquid chromatography. A protein that is the predominant species present in a preparation 
% is substantially purified. In particular, an isolated XCENP-E nucleic acid is separated 
from open reading frames which flank the XCENP-E gene and encode proteins other than 
XCENP-E. The term "purified" denotes that a nucleic acid or protein gives rise to 
essentially one band in an electrophoretic gel. Particularly, it means that the nucleic acid 
or protein is at least 85% pure, more preferably at least 95% pure, and most preferably at 

25 least 99% pure. 

The term "nucleic acid" refers to deoxyribonucleotides or ribonucleotides 

and polymers thereof in either single- or double-stranded form. Unless specifically 

limited, the term encompasses nucleic acids containing known analogues of natural 

nucleotides which have similar binding properties as the reference nucleic acid and are 

30 metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise 

indicated, a particular nucleic acid sequence also implicidy encompasses conservatively 

modified variants thereof (e.g., degenerate codon substitutions) and complementary 
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sequences and as well as the sequence explicitly indicated. Specifically, degenerate codon 
substitutions may be achieved by generating sequences in which the third position of one 
or more selected (or all) codons is substituted with mixed-base and/or deoxyinosine 
residues (Batzer et al, Nucleic Acid Res. 79:5081 (1991); Ohtsuka et al t /. Biol Chem. 
5 260:2605-2608 (1985); Cassol et al, 1992; Rossolini et al y Mol Cell Probes &91-98 
(1994)). The term nucleic acid is used interchangeably with gene, cDNA, and mRNA 
encoded by a gene. 

The terms "polypeptide," "peptide" and "protein" are used interchangeably 
herein to refer to a polymer of amino acid residues. The terms apply to amino acid 
10 polymers in which one or more amino acid residue is an artificial chemical analogue of a 
3 corresponding naturally occurring amino acid, as well as to naturally occurring amino 
sj acid polymers. A CENP-E polypeptide comprises a polypeptide demonstrated to have at 
least ATPase activity or plus end-directed microtubule motor activity and that binds to an 
in antibody generated against CENP-E. 

^5 A "label" is a composition detectable by spectroscopic, photochemical, 

biochemical, immunochemical, or chemical means. For example, useful labels include 
7 ^P, fluorescent dyes, electron-dense reagents, enzymes (e.g., as commonly used in an 
= U EUSA), biotin, dioxigenin, or haptens and proteins for which antisera or monoclonal 
% antibodies are available (e.g., the peptide of SEQ ED NO:l can be made detectable, e.g., 
3o by incorporating a radio-label into the peptide, and used to detect antibodies specifically 
reactive with the peptide). 

As used herein a "nucleic acid probe or oligonucleotide" is defined as a 
nucleic acid capable of binding to a target nucleic acid of complementary sequence 
through one or more types of chemical bonds, usually through complementary base 
25 pairing, usually through hydrogen bond formation. As used herein, a probe may include 
natural (i.e., A, G, C, or T) or modified bases (7-deazaguanosine, inosine, etc.). In 
addition, the bases in a probe may be joined by a linkage other than a phosphodiester 
bond, so long as it does not interfere with hybridization. Thus, for example, probes may 
be peptide nucleic acids in which the constituent bases are joined by peptide bonds rather 
30 than phosphodiester linkages. It will be understood by one of skill in the art that probes 
may bind target sequences lacking complete complementarity with the probe sequence 
depending upon the stringency of the hybridization conditions. The probes are preferably 
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directly labeled as with isotopes, chromophores, lumiphores, chromogens, or indirectly 
labeled such as with biotin to which a streptavidin complex may later bind. By assaying 
for the presence or absence of the probe, one can detect the presence or absence of the 
select sequence or subsequence. 
5 A "labeled nucleic acid probe or oligonucleotide" is one that is bound, 

either covalently, through a linker, or through ionic, van der Waals or hydrogen bonds to 
a label such that the presence of the probe may be detected by detecting the presence of 
the label bound to the probe. 

"Amplification" primers are oligonucleotides comprising either natural or 
10 analogue nucleotides that can serve as the basis for the amplification of a select nucleic 
O acid sequence. They include, e.g., polymerase chain reaction primers and ligase chain 
Cj reaction oligonucleotides. 

W The term "recombinant" when used with reference to a cell, or nucleic 

Un acid, or vector, indicates that the cell, or nucleic acid, or vector, has been modified by 
'^5 the introduction of a heterologous nucleic acid or the alteration of a native nucleic acid, 
* or that the cell is derived from a cell so modified. Thus, for example, recombinant cells 
ft express genes that are not found within the native (non-recombinant) form of the cell or 
ly express native genes that are otherwise abnormally expressed, under expressed or not 
A expressed at all. 

i30 The terms "identical" or percent "identity," in the context of two or more 

nucleic acids or polypeptide sequences, refer to two or more sequences or subsequences 
that are the same or have a specified percentage of amino acid residues or nucleotides that 
are the same, when compared and aligned for maximum correspondence over a 
comparison window, as measured using one of the following sequence comparison 

25 algorithms or by manual alignment and visual inspection. This definition also refers to 
the complement of a test sequence, which has a designated percent sequence or 
subsequence complementarity when the test sequence has a designated or substantial 
identity to a reference sequence. For example, a designated amino acid percent identity 
of 70% refers to sequences* or subsequences that have at least about 70% amino acid 



30 identity when aligned for maximum correspondence over a comparison window as 
measured using one of the following sequence comparison algorithms or by manual 
alignment and visual inspection. Preferably, the percent identity exists over a region of 
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the sequence that is at least about 25 amino acids in length, more preferably over a region 
that is 50 or 100 amino acids in length. 

When percentage of sequence identity is used in reference to proteins or 
peptides, it is recognized that residue positions that are not identical often differ by 
5 conservative amino acid substitutions, where amino acids residues are substituted for 
other amino acid residues with similar chemical properties (e.g., charge or 
hydrophobicity) and therefore do not change the functional properties of the molecule. 
Where sequences differ in conservative substitutions, the percent sequence identity may 
be adjusted upwards to correct for the conservative nature of the substitution. Means for 
10 making this adjustment are well known to those of skill in the art. Typically this involves 
Q scoring a conservative substitution as a partial rather than a full mismatch, thereby 

increasing the percentage sequence identity. Thus, for example, where an identical amino 
W acid is given a score of 1 and a non-conservative substitution is given a score of zero, a 
m conservative substitution is given a score between zero and 1. The scoring of 
%5 conservative substitutions is calculated according to, e.g., the algorithm of Meyers & 
7 Miller, Computer Applic. Biol Sci. 4:11-17 (1988) e.g., as implemented in the program 

PC/GENE (Intelligenetics, Mountain View, California, USA).; 
iy For sequence comparison, typically one sequence acts as a reference 

2 sequence, to which test sequences are compared. When using 3 sequence comparison 
£320 algorithm, test and reference sequences are entered into a computer, subsequence 

coordinates are designated, if necessary, and sequence algorithm program parameters are 
designated. Default program parameters can be used, or alternative parameters can be 
designated. The sequence comparison algorithm then calculates the percent sequence 
identity for the test sequence(s) relative to the reference sequence, based on the 
25 designated or default program parameters. 

A "comparison window", as used herein, includes reference to a segment 
of any one of the number of contiguous positions selected from the group consisting of 
from 25 to 600, usually about 50 to about 200, more usually about 100 to about 150 in 
which a sequence may be compared to a reference sequence of the same number of 
30 contiguous positions after the two sequences are optimally aligned. Methods of alignment 
of sequences for comparison are well-known in the art. Optimal alignment of sequences 
for comparison can be conducted, e.g., by the local homology algorithm of Smith & 
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Waterman, Adv. Appl. Math. 2:482 (1981), by the homology alignment algorithm of 
Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity method 
of Pearson & Lipman, Proc. Natl Acad. Sci. USA 85:2444 (1988), by computerized 
implementations of these algorithms (GAP, BESTFTT, FASTA, and TFASTA in the 
5 Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., 
Madison, WI), or by manual alignment and visual inspection {see, e.g., Ausubel et al., 
supra). 

One example of a useful algorithm is PILEUP. PILEUP creates a multiple 
sequence alignment from a group of related sequences using progressive, pairwise 
10 alignments. It can also plot a tree showing the clustering relationships used to create the 
-s alignment. PILEUP uses a simplification of the' progressive alignment method of Feng & 
5 Doolittle, J. Mol. Evol. 35:351-360 (1987). The method used is similar to the method 
t describe d by Higgins & Sharp, CABIOS 5: 151-153 (1989). The program can align up to 
I 300 sequences of a maximum length of 5,000. The multiple alignment procedure begins 
| 5 with the pairwise alignment of the two most similar sequences, producing a cluster of two 
p aligned sequences. This cluster can then be aligned to the next most related sequence or 
U duster of aligned sequences. Two clusters of sequences can be aligned by a simple 
t extension of the pairwise alignment of two individual sequences. The final alignment is 
1 achieved by a series of progressive, pairwise alignments. The program can also be used 
lo to plot a dendogram or tree representation of clustering relationships. The program is run 
by designating specific sequences and their amino acid or nucleotide coordinates for 
regions of sequence comparison, e.g., the core motor region of CENP-E. In one 
example, hCENP-E, XCENP-E and ustilago CENP-E were compared to other kinesin 
superfamily sequences using the following parameters: default gap weight (3.00), default 
25 gap length weight (0.10), and weighted end gaps. The resulting dendogram placed 
hCENP-E and XCENP-E in one cluster as the most closely related sequences, with 
ustilago CENP-E in the next most closely related cluster. 

Another example of algorithm that is suitable for determining percent 
sequence identity (i.e., substantial similarity or identity) is the BLAST algorithm, which 
30 is described in Altschul et al.. J. Mol. Biol. 215:403-410 (1990). Software for 
performing BLAST analyses is publicly available through the National Center for 
Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This algorithm involves first 
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idling U» scoring sequence pairs (HSPs, by identifying short words of length W » 
Cry seoLe, which either match or sals* some posiUve-vaiued threshold score T 
w hen aligned with a word o, the same lengfh in a database sequence. T is referred to as 
the neighborhood word score threshold (Altschul « al, supra). These tnmal 
5 iJLd word hi. act as seeds fo, initio searches » m iouger HSPs — g 
n^ The word hi. are then extended in both directions along each s^eoce for as far 
! „ curative aUgnmen, score can be increased. Cumulative scores are « 
using, for nucieoUde sequences. the parameters M (reward score for a parr o r.tchmg 
, Jues; always > 0) and N (penalty score for notching resrdues, always < 0). 
10 amino .id sequences, a scoring matrix is used to calculate te cumulative score. 

Zlionoflwordhi.ineachdirecUonarehai^dwhe.: the cumulative ahgnmen. 
I " off by the quanth, X from its maximum achieved va!ue; the cumulauve score 
! Z „ « or elow, due ,o the accumulation o, one or more negative-scormg rest ue 

L w T and X determine the sensitivity and speed of me alignment The BLASTN 
: ot „^(for m cleodd=seq«=nce S )us=sasdefault s awordlengm(VV)ofn,au 

program (fo ^ N=4 , ^ a comparison of bom strands. For ammo acrd 

expectation (E) of 10, M " r ran nf 3 an 

3 fences, me BLASTP program uses as default parameters a — ^f 
5 .^ctadoh (E) of 10, and the BLOSUM62 scoring matrix ( K *,Hen*off * Hen*off, 
5,n Pr„c «W *tai. Sci. C/&1 89:10915 (1989)). 

-M Proc. M ^ BLAST algorithm also performs a statistical analysis of the srmlaruy 
„,„, nces (j« e g. , Karlin & Altschul, Proc. NaT Acad. Sa. USA 
7Z ZZZ 2 mLe of shnilarity provided by me BLAST aigorithm is 

: s z ti p— - — - — ° f :r : -i. 

25 which a match between two nucleotide or amino acid sequent would «« * *^ 
simple a nucleic acid is considered similar to a reference sequence rf the smiles. 

„ L about 0.1, more preferably less than about 0.01, and most preferably less than 

about 0.001. ■ 

An indication that two nucleic acid sequences or polypeptrdes are 
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by the second nucleic acid, as described below. Thus, a polypeptide is typically 
substantially identical to a second polypeptide, for example, where the two peptides differ 
only by conservative substitutions. Another indication that two nucleic acid sequences are 
substantially identical is that the two molecules or their complements hybridize to each 
5 other under stringent conditions, as described below. 

The phrase "hybridizing specifically to" refers to the binding, duplexing, or 
hybridizing of a molecule only to a particular nucleotide sequence under stringent 
conditions when that sequence is present in a complex mixture (e.g., total cellular) DNA 
or RNA. Stringent conditions are sequence-dependent and will be different in different 
10 circumstances. Longer sequences hybridize specifically at higher temperatures. 
Generally, stringent conditions are selected to be about 5°C lower than the thermal 
melting point (TJ for the specific sequence at a defined ionic strength and pH. The T m is 
the temperature (under defined ionic strength, pH, and nucleic acid concentration) at 
which 50% of the probes complementary to the target sequence hybridize to the target 
L5 sequence at equilibrium (as the target sequences are generally present in excess, at T m , 
50% of the probes are occupied at equilibrium). Typically, stringent conditions will be 
those in which the salt concentration is less than about 1.0 M sodium ion, typically about 
0.01 to 1.0 M sodium ion concentration (or other salts) at pH 7.0 to 8.3 and the 
temperature is at least about 30°C for short probes (e.g., 10 to ,50 nucleotides) and at 
iO least about 60 °C for long probes (e.g., greater than 50 nucleotides). Stringent conditions 
may also be achieved with the addition of destabilizing agents such as formamide. 

"High stringency conditions", as defined herein, may be identified by those 
that: (1) employ low ionic strength and high temperature for washing, for example 0.015 
M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) 
25 employ during hybridization a denaturing agent, such as formamide, for example, 50% 
(v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% 
polyvinylpyrroUdone/50mM sodium phosphate buffer at pH 6.5 with 750 mM sodium 
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 
M NaCl, 0.075 M sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium 
30 pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 iig/ml), 0.1% 
SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium 
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chloride/sodium citrate) and 50% formamide at 55 8 C, followed by a high-stringency wash 
consisting of 0.1 x SSC containing EDTA at 55°C. 

"Moderately stringent conditions" may be identified as described by 
Sambrook et al, Molecular Cloning: A Laboratory Manual, New York: Cold Spring 
5 Harbor Press, 1989, and include the use of washing solution and hybridization conditions 
(e.g., temperature, ionic strength and %SDS) less stringent that those described above. 
An example of moderately stringent conditions is overnight incubation at 37°C in a 
solution comprising: 20% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5 x Denhardt's solution, 10% dextran 
L0 sulfate, and 20 mg/mL denatured sheared salmon sperm DNA, followed by washing the 
filters in 1 x SSC at about 37-50°C. The skilled artisan will recognize how to adjust the 
temperature, ionic strength, etc. as necessary to accommodate factors such as probe 

length and the like." 

The phrase "a sequence encoding a gene product" refers to a nucleic acid 
[5 that contains sequence information, e.g., for a structural RNA such as rRNA, a tRNA, 
the primary amino acid sequence of a specific protein or peptide, a binding site for a 
trans-acting regulatory agent, an antisense RNA or a ribozyme. This phrase specifically 
encompasses degenerate codons (i.e., different codons which encode a single amino acid) 
of the native sequence or sequences which may be introduced to conform with codon 
10 preference in a specific host cell. 

"Antibody" refers to a polypeptide substantially encoded by an 
immunoglobulin gene or immunoglobulin genes, or fragments thereof which specifically 
bind and recognize an analyte (antigen). The recognized immunoglobulin genes include 
the kappa, lambda, alpha, gamma, delta, epsilon and mu constant region genes, as weU as 
25 the myriad immunoglobulin variable region genes. Light chains are classified as either 
kappa or lambda. Heavy chains are classified as gamma, mu, alpha, delta, or epsilon, 
which in turn define the immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, 
respectively. 

An exemplary immunoglobulin (antibody) structural unit comprises a 
30 tetramer. Each tetramer is composed of two identical pairs of polypeptide chains, each 
pair having one "light" (about 25 kDa) and one "heavy" chain (about 50-70 kDa). The 
N-terminus of each chain defines a variable region of about 100 to 110 or more amino 
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acids primarily responsible for antigen recognition. The terms variable light chain (VJ 
and variable heavy chain (V„) refer to these light and heavy chains respectively. 

Antibodies exist e.g., as intact immunoglobulins or as a number of well 
characterized fragments produced by digestion with various peptidases. Thus, for 
5 example, pepsin digests an antibody below the disulfide linkages in the hinge region to 
produce F(ab)' 2 . a dimer of Fab which itself is a light chain joined to V H -C H 1 by a 
disulfide bond. The F(ab)' 2 may be reduced under mild conditions to break the disulfide 
linkage in the hinge region, thereby converting the F(ab)* 2 dimer into an Fab' monomer. 
The Fab' monomer is essentially an Fab with part of the hinge region {see Fundamental 
10 Immunology (Paul, ed., 3d ed. 1993). While various antibody fragments are defined in 
3 terms of the digestion of an intact antibody, one of skill will appreciate that such 
1 fragments may be synthesized de novo either chemically or by using recombinant DNA 
j methodology. Thus, the term antibody, as used herein, also includes antibody fragments 
I either produced by the modification of whole antibodies or those synthesized de novo 
|5 using recombinant DNA methodologies (e.g. , single chain Fv). 
" An "anti-XCENP-E" antibody is an antibody or antibody fragment that 

I specifically binds a polypeptide encoded by the XCENP-E gene, cDNA, or a subsequence 
y thereof. 

I Humanized forms of non-human antibodies are chimeric immunoglobulins, 

lo immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other 
antigen- binding subsequences of antibodies) which contain minimal sequence derived 
from non-human immunoglobulin. Humanized antibodies include human 
immunoglobulins (recipient antibody) in which residues from a complementary 
determining region (CDR) of the recipient are replaced by residues from a CDR of a 
25 non-human species (donor antibody) such as mouse, rat or rabbit having the desired 

specificity, affinity and capacity. In some instances, Fv framework residues of the human 
immunoglobulin are replaced by corresponding non-human residues. Humanized 
antibodies may also comprise residues which are found neither in the recipient antibody 
nor in the imported CDR or framework sequences. In general, the humanized antibody 
30 will comprise substantially all of at least one, and typically two, variable domains, in 
which all or substantially all of the CDR regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR regions are those of a human 
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immunoglobulm consensus sequence. The humanized antibody optimally also will 
comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a 
human immunoglobulin (Jones * al, Nature, 321:522-525 (1986); Riechmann et al, 
Nature, 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol., 2:593-596 (1992)). 
5 ' Methods for humanizing non-human antibodies are well known in the art. 

Generally, a humanized antibody has one or more amino acid residues introduced into it 
from a source which is non-human. These non-human amino acid residues are often 
referred to as "import" residues, which are typically taken from an "import" variable 
domain. Humanization can be essentially performed following the method of Winter and 
10 co-workers (Jones et al, Nature, 321:522-525 (1986); Riechmann et al. Nature, 

0 332:323-327 (1988); Verhoeyen et al, Science, 239:1534-1536 (1988)), by substituting 
5 rodent CDRs or CDR sequences for the corresponding sequences of a human antibody. 

1 AcC ordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent No. 
I 4,816,567), wherein substantially less than an intact human variable domain has been 
Is substituted by the corresponding sequence from a non-human species. In practice, 

T humanized antibodies are typically human antibodies in which some CDR residues and 
* possibly some FR residues are substituted by residues from analogous sites in rodent 
U antibodies. 

S Human antibodies can also be produced using various techniques known m 

lo the art, including phage display libraries (Hoogenboom & Winter, /. Mol Biol. , 227:381 
(1991); Marks et al. J. Mol Biol, 222:581 (1991)). The techniques of Cole et al. and 
Boerner et al. are also available for the preparation of human monoclonal antibodies 
(Cole * al, Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985) and 
Boerner et al, J. Immunol, 147(l):86-95 (1991)). Similarly, human antibodies can be 
25 made by introducing of human immunoglobulin loci into transgenic animals, e.g. , mice m 
which the endogenous immunoglobulin genes have been partially or completely 
inactivated. Upon challenge, human antibody production is observed, which closely 
resembles that seen in humans in all respects, including gene rearrangement, assembly, 
and antibody repertoire. This approach is described, for example, in U.S. Patent Nos. 
30 5 545 807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following 
scientific publications: Marks et al, Biotechnology 10, 779-783 (1992); Lonberg et al, 
Nature 368 856-859 (1994); Morrison, Nature 368, 812-13 (1994); Fishwild et al, 
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Nature Biotechnology 14, 845-51 (1996); Neuberger, Nature Biotechnology 14, 826 
(1996); Lonberg & Huszar, Intern. Rev. Immunol. 13 65-93 (1995). 

A "chimeric antibody" is an antibody molecule in which (a) the constant 
region, or a portion thereof, is altered, replaced or exchanged so that the antigen binding 
5 site (variable region) is linked to a constant region of a different or altered class, effector 
function and/or species, or an entirely different molecule which confers new properties to 
the chimeric antibody, e.g., an enzyme, toxin, hormone, growth factor, drug, etc.; or (b) 
the variable region, or a portion thereof, is altered, replaced or exchanged with a variable 
region having a different or altered antigen specificity. 
' 1Q Th e term "immunoassay" is an assay that uses an antibody to specifically 

0 bind an analyte. The immunoassay is characterized by the use of specific binding 
S properties of a particular antibody to isolate, target, and/or quantify the analyte. 
|y The phrase "specifically (or selectively) binds to an antibody" or 
ft "specifically (or selectively) immunoreactive with," when referring to a protein or 

% peptide, refers to a binding reaction that is determinative of the presence of the protein in 
T a heterogeneous population of proteins and other biologies. Thus, under designated 
fj immunoassay conditions, the specified antibodies bind to a particular protein and do not 
S bind in a sigmficant amount to other proteins present in the sample. Specific binding to 

1 an antibody under such conditions may require an antibody that is selected for its 

m specificity for a particular protein. For example, antibodies raised to XCENP-E with the 
amino acid sequence encoded in SEQ ID NO:l can be selected to obtain antibodies 
specifically immunoreactive with that protein and not with other proteins, except for 
polymorphic variants. A variety of immunoassay formats may be used to select 
antibodies specifically immunoreactive with a particular protein. For example, solid- 
25 phase ELISA immunoassays are routinely used to select antibodies specifically 

immunoreactive with a protein (see, e.g., Harlow & Lane, Antibodies, A Laboratory 
Manual (1988), for a description of immunoassay formats and conditions that can be used 
to determine specific immunoreactivity). Typically a specific or selective reaction will be 
at least twice background signal or noise and more typically more than 10 to 100 times 
30 background. 

The phrase "plus end-directed microtubule motor activity" refers to the 
activity of a motor protein such as CENP-E to power movement toward the "plus" ends 
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of nncrotnbules. Microtubules are conventionally referred . as pta <W 
^g, and minus ends (s.ow growing). For example, micromanics of me muottc 
Llebave meir slow growing, minus ends anchored a. or near me spmdle pole, and 
L dynamic, fas, growing plus ends interacting wim chromosomes and wrth 
1 micrombmes emanating from the opposite pole. 

The term "motor domain" or "core motor domain" refers to the domam of 
CENP-E mat confers the plus end-microtubule motor activity on me protein. 

"CENP-E" refers to centromere-associated protein, which is a member of 
te tines* superfar* of microtubule motor proteins. CENP-E is an integral —a, 
10 1, Mnetoclre su^rure o, the chromosome, which lints the chromosom . to to 
~ • "XCENP-E" refers to CENP-E isolated from Xenopus. CENP-E 

^ fnr PFNP-E activity (e.g., inhibitors and activators or enhancers). 

^eling activity, and metaphase arrest Samples or assays tha, are , «— •* a 
TeTone candidate agent a. a test cation are compared" control samp.es _ 
JZ * candidate agent at a control concentration (which can be zero, , to exanune *e 
^modulation. Control samples are assigned a relative CENP-E acfcvrty value o^ 
TL^on o, CENP-E U achieved when the CENP-E activity ****** <° - 
"increased or decreased about at leas, 10%, ,0,, 30%, 40%, 50,, 75%, or 

• ATPase activity, microtubule binding activity, and plus end-directed 

activity selected ATPase ty, ^ ^ or g 

microtubule motor activity, as tested in an ATPase assay mi 

mic^bule gliding assay. "ATPase activity" refers to the a ility OBO > Et 

nydrolyze ATP. In a preferred embedment, CENP-E has plus-end directed micr 
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HI. Isolation of the XCENP-E gene 

A. General Recombinant DNA Methods 

This invention relies on routine techniques in the field of recombinant 
genetics. Basic texts disclosing the general methods of use in this invention include 
5 Sambrook et al., Molecular Cloning, A Laboratory Manual (2nd ed. 1989); Kriegler, ^ 
Gene Transfer and Expression: A Laboratory Manual (1990); and Current Protocols in 
Molecular Biology (Ausubel et al., eds., 1994)). 

For nucleic acids, sizes are given in either kilobases (kb) or base pairs 
(bp). These are estimates derived from agarose or acrylamide gel electrophoresis, from 
10 sequenced nucleic acids, or from published DNA sequences. For proteins, sizes are 
f given in kilodaltons (kDa) or amino acid residue numbers. Proteins sizes are estimated 
"j from gel electrophoresis, from sequenced proteins, from derived amino acid sequences, or 
i from published protein sequences. 

\ Oligonucleotides that are not commercially available can be chemicaUy 

?15 synthesized according to the solid phase phosphoramidite triester method first described 

by Beaucage & Caruthers, Tetrahedron Letts., 22:1859-1862 (1981), using an automated 
1 synthesizer, as described in Van Devanter ef . al., Nucleic Acids Res., 12:6159-6168 
J (1984). Purification of oligonucleotides is by either native acrylamide gel electrophoresis 
I or by anion-exchange HPLC as described in Pearson & Reaniet, /. Chrom. , 255: 137-149 
%) (1983). 

The sequence of the cloned genes and synthetic oligonucleotides can be 
verified after cloning using, e.g., the chain termination method for sequencing 
double-stranded templates of Wallace et al, Gene, 16:21-26, 1981. 
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B. Cloning methods for the isolation of nucleotide sequences encoding XCENP-E 
In general, the nucleic acid sequences encoding XCENP-E and related 
nucleic acid sequence homologues are cloned from cDNA and genomic DNA libraries or 
isolated using amplification techniques with oligonucleotide primers. For example, 
XCENP-E sequences can be isolated from Xenopus DNA libraries by hybridizing with a 
30 nucleic acid probe, the sequence of which can be derived from human CENP-E. 

XCENP-E and XCENP-E homologues that are substantially identical to XCENP-E can be 
isolated using XCENP-E nucleic acid probes and oligonucleotides under stringent 
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hybridization conditions, by screening libraries. Alternatively, expression libraries can 
be used to clone XCENP-E and XCENP-E homologues, by detecting expressed 
homologues immunologically with antisera or purified antibodies made against XCENP-E 
that also recognize and selectively bind to the XCENP-E homologue. Finally, 
5 amplification techniques using primers can be used to amplify and isolate XCENP-E from 
DNA or RNA. Amplification techniques using degenerate primers can also be used to 
amplify and isolate XCENP-E homologues. Amplification techniques using primers can 
also be used to isolate a nucleic acid encoding XCENP-E. These primers can be used, 
e.g., to amplify a probe of several hundred nucleotides, which is then used to screen a 
10 library for full-length XCENP-E. The following primers can be used in such a manner: 
3 SEQ ED NO:5 GGGCTGCCCAGGAAGAG and SEQ ID NO:6 

GACAGCATTGATCGGCG. Alternatively, the nucleic acid for XCENP-E can be 
W directly amplified using the following primers: SEQIDNO:7 
I GAGGGTTCGGCCGCTTA and SEQ ID NO:8 TCTGGGGCCATCCATGC. 
% 5 Appropriate primers and probes for identifying the gene encoding CENP-E 

f in other species such as Drosophila and fungi are generated from comparisons of the 
^ sequences provided herein (SEQ ID NOS:l and 2). As described above, antibodies can 
m be used to identify XCENP-E homologues. For example, antibodies made to the motor 
I domain of XCENP-E, the tail domain of XCENP-E, or to the whole protein are useful 
O20 for identifying XCENP-E homologues (see Example section, below). 

To make a cDNA library, one should choose a source that is rich in the 
mRNA of choice, e.g., XCENP-E. For example, ovary tissue is enriched for XCENP-E 
mRNA. The mRNA is then made into cDNA using reverse transcriptase, ligated into a 
recombinant vector, and transfected into a recombinant host for propagation, screening 
25 and cloning. Methods for making and screening cDNA libraries are well known (see, 
e.g., Gubler & Hoffman, Gene 25: 263-269 (1983); Sambrook et al., supra; Ausubel et 
al., supra). 

For a genomic library, the DNA is extracted from the tissue and either 
mechanically sheared or enzymatically digested to yield fragments of about 12-20 kb. 
30 The fragments are then separated by gradient centrifugation from undesired sizes and are 
constructed in bacteriophage lambda vectors. These vectors and phage are packaged m 
Recombinant phage are analyzed by plaque hybridization as described in Benton & 
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Davis, Science 196:180-182 (1977). Colony hybridization is carried out as generally 
described in Grunstein * al., Proc. Natl. Acad. Sci. USA., 72:3961-3965 (1975). 

An alternative method of isolating XCENP-E nucleic acid and its 
homologues combines the use of synthetic oligonucleotide primers and amplification of an 
RNA or DNA template (see U.S. Patents 4,683,195 and 4,683,202; PCR Protocols: A 
Guide to Methods and Applications Qatoetal., eds, 1990)). Methods such as 
polymerase chain reaction (PCR) and ligase chain reaction (LCR) can be used to amplify 
nucleic acid sequences of CENP-E directly from mRNA, from cDNA, from genomic 
libraries or cDNA libraries. Degenerate oligonucleotides can be designed to amplify 
XCENP-E homologues using the sequences provided herein. Restriction endonuclease 
sites can be incorporated into the primers. Polymerase chain reaction or other in vitro 
amplification methods may also be useful, for example, to clone nucleic acid sequences 
that code for proteins to be expressed, to make nucleic acids to use as probes for 
detecting the presence of CENP-E encoding mRNA in physiological samples, for nucleic 
acid sequencing, or for other purposes. Genes amplified by the PCR reaction can be 
purified from agarose gels and cloned into an appropriate vector. 

Gene expression of CENP-E can also be analyzed by techniques known in 
the art, e.g., reverse transcription and amplification of mRNA, isolation of total RNA or 
poly A+ RNA, northern blotting, dot blotting, in situ hybridization, RNase protection 
and the like. 

Synthetic oligonucleotides can be used to construct recombinant XCENP-E 
genes for use as probes or for expression of protein. This method is performed using a 
series of overlapping oligonucleotides usually 40-120 bp in length, representing both the 
sense and nonsense strands of the gene. These DNA fragments are then annealed, ligated 
and cloned. Alternatively, amplification techniques can be used with precise primers to 
amplify a specific subsequence of the XCENP-E gene. The specific subsequence is then 
ligated into an expression vector. 

The gene for Xenopus CENP-E is typically cloned into intermediate vectors 
before transformation into prokaryotic or eukaryotic ceUs for replication and/or 
expression. These intermediate vectors are typically prokaryote vectors or shuttle 
vectors. 

zq 
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C. Expression in prokaryotes and eukaryotes 

To obtain high level expression of a cloned gene, such as those cDNAs 
encoding CENP-E, it is important to construct an expression vector that contains, at the 
minimum, a strong promoter to direct transcription, a ribosome binding site for 

5 translational initiation, and a transcription/translation terniinator. Suitable bacterial 
promoters are well known in the art and described, e.g., in Sambrook et al. and Ausubel 
et al. Bacterial expression systems for expressing the CENP-E protein are available in, 
e.g., E. coli, Bacillus sp., and Salmonella (Palva et al., Gene 22:229-235 (1983); 
Mosbach, et al, Nature, 302:543-545 (1983). Kits for such expression systems are 

10 commercially available. Eukaryotic expression systems for mammalian cells, yeast, and 

0 insect cells are well known in the art and are also commercially available. The pET23D 
fl expression system (Novagen) is a preferred prokaryotic expression system. 

§!y A "promoter" is defined as an array of nucleic acid control sequences that 

| direct transcription of a nucleic acid. As used herein, a promoter includes necessary 
l| 5 nuc ieic acid sequences near the start site of transcription, such as, in the case of a 
* polymerase E type promoter, a TATA element. A promoter also optionally includes 
1- dista l enhancer or repressor elements which can be located as much as several thousand 
S base pairs from the start site of transcription. A "constitutive" promoter is a promoter ^ 

1 wt ich is active under most environmental and developmental conditions. An "inducible" 
lo promoter is a promoter which is under environmental or developmental regulation. The 

term "operably linked" refers to a functional linkage between a nucleic acid expression 
control sequence (such as a promoter, or array of transcription factor binding sites) and a 
second nucleic acid sequence, wherein the expression control sequence directs 
transcription of the nucleic acid corresponding to the second sequence. 

25 The term "heterologous" when used with reference to portions of a nucleic 

acid indicates that the nucleic acid comprises two or more subsequences which are not 
found in the same relationship to each other in nature. For instance, the nucleic acid is 
typically recombinantly produced, having two or more sequences from unrelated genes 
arranged to make a new functional nucleic acid. 

30 The promoter used to direct expression of a heterologous nucleic acid 

depends on the particular application. The promoter is preferably positioned about the 
same distance from the heterologous transcription start site as it is from the transcription 
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start site in its natural setting. As is known in the art, however, some variation in this 
distance can be accommodated without loss of promoter function. 

In addition to the promoter, the expression vector typically contains a 
transcription unit or expression cassette that contains all the additional elements required 
for the expression of the CENP-E encoding DNA in host cells. A typical expression 
cassette thus contains a promoter operably linked to the DNA sequence encoding CENP-E 
and signals required for efficient ^poJyadeoylatkm of the transcript, ribosome binding sites, 
and translation termination. The DNA sequence encoding the CENP-E may typically be 
linked to a cleavable signal peptide sequence to promote secretion of the encoded protein 
by the transformed cell. Such signal peptides would include, among others, the signal 
peptides from tissue plasminogen activator, insulin, and neuron growth factor, and 
juvenile hormone esterase of Heliothis virescens. Additional elements of the cassette 
may include enhancers and, if genomic DNA is used as the structural gene, introns with 
functional splice donor and acceptor sites. 

In addition to a promoter sequence, the expression cassette should also 
contain a transcription termination region downstream of the structural gene to provide 
for efficient tennination. The terrnination region may be obtained from the same gene as 
the promoter sequence or may be obtained from different genes. 

The particular expression vector used to transport the genetic information 
into the cell is not particularly critical. Any of the conventional vectors used for 
expression in eukaryotic or prokaryotic cells may be used. Standard bacterial expression 
vectors include plasmids such as pBR322 based plasmids, pSKF, and fusion expression 
systems such as GST and LacZ. Epitope tags can also be added to recombinant proteins 
to provide convenient methods of isolation. One preferred embodiment of an epitope tag 
25 is c-myc. 

Expression vectors containing regulatory elements from eukaryotic viruses 
are typically used in eukaryotic expression vectors, e.g., SV40 vectors, papilloma virus 
vectors, and vectors derived from Epstein Bar virus. Other exemplary eukaryotic vectors 
include pMSG, pAV009/A + , pMTO10/A + , pMAMneo-5, baculovirus pDSVE, and any 
30 other vector allowing expression of proteins under the direction of the SV40 early 

promoter, SV40 later promoter, metallothionein promoter, murine mammary tumor virus 
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promoter, Rous sarcoma virus promoter, polyhedrin promoter, or other promoters shown 
effective for expression in eukaryotic cells. 

Some expression systems have markers that provide gene amplification 
such as thymidine kinase, hygromycin B phosphotransferase, and dihydrofolate reductase, 
i Alternatively, high yield expression systems not involving gene amplification are also 
suitable, such as using a bacculovirus vector in insect cells, with a CENP-E encoding 
sequence under the direction of the polyhedrin promoter or other strong baculovirus 
promoters. 

The elements that are typically included in expression vectors also include a 
3 replicon that functions in E. coli, a gene encoding antibiotic resistance to permit selection 
of bacteria that harbor recombinant plasmids, and unique restriction sites in nonessential 
regions of the plasmid to allow insertion of eukaryotic sequences. The particular 
antibiotic resistance gene chosen is not critical, any of the many resistance genes known 
in the art are suitable. The prokaryotic sequences are preferably chosen such that they do 
5 not interfere with the replication of the DNA in eukaryotic cells, if necessary. 

Standard transfection methods are used to produce bacterial, mammalian, 
yeast or insect cell lines that express large quantities of CENP-E protein, which are then 
purified using standard techniques {see, e.g., Colley et al., J. Biol. Chem. 
264:17619-17622 (1989); Guide to Protein Purification, in Methods in Ewymology, vol. 
»0 182 (Deutscher ed., 1990)). Transformation of eukaryotic and prokaryotic cells are 
performed according to standard techniques (see, e.g., Morrison, J. Bact., 132:349-351 
(1977); Clark-Curtiss & Curtiss, Methods in Enzymology, 101:347-362 (Wu et al., eds, 
1983). 

Any of the well known procedures for introducing foreign nucleotide 
25 sequences into host cells may be used. These include the use of calcium phosphate 
transfection, polybrene, protoplast fusion, electroporation, liposomes, microinjection, 
plasma vectors, viral vectors and any of the other well known methods for introducing 
cloned genomic DNA, cDNA, synthetic DNA or other foreign genetic material into a host 
cell (see, e.g., Sambrook et al. supra). It is only necessary that the particular genetic 
30 engineering procedure used be capable of successfully introducing at least one gene into 
the host cell capable of expressing the CENP-E protein. 
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After the expression vector is introduced into the cells, the transfected cells 
are cultured under conditions favoring expression of the CENP-E protein which is 
recovered from the culture using standard techniques identified below. 

5 IV. Purification of CENP-E protein 

Either naturally occurring or recombinant CENP-E can be purified for use 
in functional assays. Naturally occurring CENP-E is purified, e.g., from Xenopus and 
any other source of an XCENP-E homologue, such as Drosophila or fungi. Recombinant 
CENP-E is purified from any suitable expression system. 
1Q CENP-E may be purified to substantial purity by standard techniques, 

□ including selective precipitation with such substances as ammonium sulfate; column 
3 chromatography, immunopurification methods, and others (see, e.g. , Scopes, Protein 
J Purification: Principles and Practice (1982); U.S. Patent No. 4,673,641; Ausubel et al, 
\ supra; and Sambrook et al, supra). A preferred method of purification is use of Ni- 
§5 NTA agarose (Qiagen). 

Z A number of procedures can be employed when recombinant CENP-E is 

■* being purified. For example, proteins having established molecular adhesion properties 
% can be reversible fused to CENP-E. With the appropriate ligand, CENP-E can be 
5 selectively adsorbed to a purification column and then freed from the column in a 
lo relatively pure form. The fused protein is then removed by enzymatic activity. Finally 
CENP-E could be purified using iirimunoaffinity columns. 

A. Purification of CENP-E from recombinant bacteria 

Recombinant proteins are expressed by transformed bacteria in large 

25 amounts, typically after promoter induction; but expression can be constitutive. Bacteria 
are grown according to standard procedures in the art. Because CENP-E is a protein that 
is difficult to isolate with intact biological activity, preferably fresh bacteria cells are used 
for isolation of protein. Use of cells that are frozen after growth but prior to lysis 
typically results in negligible yields of active protein. 

30 Proteins expressed in bacteria may form insoluble aggregates ("inclusion 

bodies") Several protocols are suitable for purification of CENP-E inclusion bodies. 
For example, purification of inclusion bodies typically involves the extraction, separation 
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md /or potion o, fusion bodies b, disruption of burial ceUs, e.g., by mcubatton 
„ a buffer of about 100-150 ^g/ml lysozyme and 0.1% Nonidet P40, a non.ontc 
decent We c=U suspension can be homogenized using a Polytron (Brinkman 
tatrummts , Weston*. N.Y.). Alternadvely, the cells can be sonicated on ,ce. 
5 Altetna* medtods of lysing bacteria ate apparent to those of *m in the art («, 

— : 

fusion bodies resumed in buffer that does not dissoive but 

bodies eg 20mMTris-Ha(pH7.2),lmMEDTA,150mMNaC 1 and2%Tn.onX 

10 T ano "ionic decent, .t may be necessary to repeat the wash step to remove as 

O IchceUuUrdebrisasposs.le.Weremahnu — 

* resnspended in an appropriate buffer (e.g., 20 mM sodium phosphate, pH 6.8, 150 mM 
*■ N,™ Other appropriate buffers wffl be apparent to those of skUlm the art. 

* ^Igmewashrngstep^einclusionbodiesaresolubUizedbyme 

«•* ^ buffer S uiUb I =soWen B n K lude,butareno.Unn K dtourea(fr„mabou.4M 

^d— .of.e P ro,ei.,accon,aniedb y a 1 ac,ofhnm— an^or 
^it, Alfcough *-d ta e hydrochloride and s«ar -J^^ for 
25 denahtration is not irreversible and ""^/^"^^U. 
ctample) or dilution of the denamrant, allowing re-formatjon of u— J 
biologicaUy active protein. After solubilization, the protem can be separated 
bacterial proteins by standard separation techniques. 

Actively, it is possible to purify CENP-E from bactena penplasm 
™ rFNP E is exported into the periplasm of the bacteria, the periplasm* fracuon of 

ml in me art. To isolate recombinant proteins from the penplasm, the bactenal 

' . , . _ u - ' * . ^JSV.'"*'" — 
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centrifuged to form a pellet. The pellet is resuspended in a buffer containing 20% 
sucrose. To lyse the cells, the bacteria are centrifuged and the pellet is resuspended in 
ice-cold 5 mM MgS0 4 and kept in an ice bath for approximately 10 minutes. The cell 
suspension is centrifuged and the supernatant decanted and saved. The recombinant 
5 proteins present in the supernatant can be separated from the host proteins by standard 
separation techniques well known to those of skill in the art. 

B. Standard Protein Separation Techniques For Purifying CENP-E 
Snlnhilitv Fractionation 
1Q often as an initial step, particularly if the protein mixture is complex, an 

n initial salt fractionation can separate many of the unwanted host cell proteins (or proteins 
3 derived from the cell culture media) from the recombinant protein of interest. The 
m preferred salt is ammonium sulfate. Ammonium sulfate precipitates proteins by 
| effectively reducing the amount of water in the protein mixture. Proteins then precipitate 
!§5 on the basis of their solubility. The more hydrophobic a protein is, the more likely it is 
i to precipitate at lower ammonium sulfate concentrations. A typical protocol includes 
I* adding saturated ammonium sulfate to a protein solution so that the resultant ammonium 
t sulfate concentration is between 20-30% . This concentration will precipitate the most 
1 hydrophobic of proteins. The precipitate is then discarded (unless the protein of interest 
!|o is hydrophobic) and ammonium sulfate is added to the supernatant to a concentration 
W known to precipitate the protein of interest. The precipitate is then solubilized in buffer 
and the excess salt removed if necessary, either through dialysis or diafiltration. Other 
methods that rely on solubility of proteins, such as cold ethanol precipitation, are well 
known to those of skill in the art and can be used to fractionate complex protein mixtures. 

25 

Si™ Differential Filtration 

CENP-E has a known molecular weight and this knowledge can be used to 
isolated it from proteins of greater and lesser size using ultrafiltration through membranes 
of different pore size (for example, Amicon or Millipore membranes). As a first step, 
30 the protein mixture is ultrafiltered through a membrane with a pore size that has a lower 
molecular weight cut-off than the molecular weight of the protein of interest. The 
retentate of the ultrafiltration is then ultrafiltered against a membrane with a molecular cut 
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off greater than the molecular weight of the protein of interest. The recombinant protein 
will pass through the membrane into the filtrate. The filtrate can then be 
chromatographed as described below. 

5 rninmn Chromatography 

CENP-E can also be separated from other proteins on the basis of its size, 
net surface charge, hydrophobicity, and affinity for ligands. In addition, antibodies raised 
against proteins can be conjugated to column matrices and the proteins immunopurified. 
All of these methods are well known in the art. It will be apparent to one of skill that 
10 chromatographic techniques can be performed at any scale and using equipment from 
ri many different manufacturers (e.g. , Pharmacia Biotech). 

Ill y. Immunological Detection of CENP-E 

i In addition to the detection of CENP-E genes and gene expression using 

Il5 nucleic acid hybridization technology, one can also use immunoassays to detect CENP-E. 

f Immunoassays can be used to qualitatively or quantitatively analyze CENP-E. A general 

M overview of the applicable technology can be found in Harlow & Lane, Antibodies: A 

ni Laboratory Manual (1988). 

]=20 A. Antibodies to CBNP-E 

Methods of producing polyclonal and monoclonal antibodies that react 
specifically with CENP-E are known to those of skill in the art {see, e.g., Coligan, 
Current Protocols in Immunology (1991); Harlow & Lane, supra; Coding, Monoclonal 
Antibodies: Principles and Practice (2d ed. 1986); and Kohler & Milstein, Nature, 
25 256:495-497 (1975). Such techniques include antibody preparation by selection of 

antibodies from libraries of recombinant antibodies in phage or similar vectors, as well as 
preparation of polyclonal and monoclonal antibodies by immunizing rabbits or mice (see, 
e.g. , Huse et al. , Science 246: 1275-1281 (1989); Ward et al. , Nature 341:544-546 
(1989)). 

30 A number of CENP-E comprising immunogens may be used to produce 

antibodies specifically reactive with CENP-E. For example, recombinant XCENP-E or a 
antigenic fragment thereof such as the motor or tail domain, is isolated as described 
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herein. Recombinant protein can be expressed in eukaryotic or prokaryotic cells as 
described above, and purified as generally described above. Recombinant protein is the 
preferred immunogen for the production of monoclonal or polyclonal antibodies. 
Alternatively, a synthetic peptide derived from the sequences disclosed herein and 
5 conjugated to a carrier protein can be used an immunogen. Naturally occurring protein 
may also be used either in pure or impure form. The product is then injected into an 
animal capable of producing antibodies. Either monoclonal or polyclonal antibodies may 
be generated, for subsequent use in immunoassays to measure the protein. 

Methods of production of polyclonal antibodies are known to those of skill 
10 in the art. An inbred strain of mice or rabbits is immunized with the protein using a 

0 standard adjuvant, such as Freund's adjuvant, and a standard immunization protocol. The 
S 3^.5 immune response to the immunogen preparation is monitored by taking test 

m bleeds and detenmning the titer of reactivity to CENP-E. When appropriately high titers 
f of antibody to the immunogen are obtained, blood is collected from the animal and 
| antisera are prepared. Further fractionation of the antisera to enrich for antibodies 
=P reactive to the protein can be done if desired (see Harlow & Lane, supra). 
U Monoclonal antibodies may be obtained by various techniques familiar to 

£ ski iled in the art. Briefly, spleen cells from an animal immunized with a desired 

1 antigen are immortalized, commonly by fusion with a myeloma . cell (see Kohler & 

I) Milstein, Eur. J. Immunol 6:511-519 (1976)). Alternative methods of immortalization 
include transformation with Epstein Barr Virus, oncogenes, or retroviruses, or other 
methods well known in the art. Colonies arising from single immortalized cells are 
screened for production of antibodies of the desired specificity and affinity for the 
antigen, and yield of the monoclonal antibodies produced by such cells may be enhanced 
25 by various techniques, including injection into the peritoneal cavity of a vertebrate host. 
Alternatively, one may isolate DNA sequences which encode a monoclonal antibody or a 
binding fragment thereof by screening a DNA library from human B cells accordmg to 
the general protocol outlined by Huse et al., Science 246:1275-1281 (1989). 

Monoclonal antibodies and polyclonal sera are collected and titered against 
30 the immunogen protein in an immunoassay, for example, a solid phase immunoassay with 
the immunogen immobilized on a solid support. Polyclonal antisera with a titer of 10* or 
greater are selected and tested for their cross reactivity against non-CENP-E proteins or 

3^ 
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even other homologous proteins from other organisms, using a competitive bmdmg 
iramunoassay. Specific polyclonal antisera and monoclonal antibodies will usually bmd 
with a K, of at least about 0.1 mM, more usually at least about 1 uM, preferably at least 
about 0.1 fM or better, and most preferably, 0.01 uM or better. 

5 Once CENP-E specific antibodies are available, CENP-E can be detected 

by a variety of immunoassay methods. For a review of immunological and immunoassay 
procedures, see Basic and Clinical Immunology (Stites & Terr eds., 7th ed. 1991). 
Moreover, the immunoassays of the present invention can be performed in any of several 
configurations, which are reviewed extensively in Enzyme Immunoassay (Maggio, ed., 

10 1980); and Harlow & Lane, supra. 

0 B. Immunological Binding Assays 

i! As explained above, CENP-E expression is associated with mitosis. Thus, 

P CENP _ E pr0 vides a marker with which to examine actively dividing cells, including 
% 5 pathological cells such as cancers or hyperplasias. In a preferred embodiment, CENP-E 
^ is detected and/or quantified using any of a number of well recognized immunological 
U binding assays (see. e.g. U.S. Patents 4,366,241; 4,376,110; 4,517,288; and 4,837,168). 
K For a review of the general immunoassays, see also Methods in Cell Biology Volume 37: 

1 Antibodies in Cell Biology (Asai, ed. 1993); Basic and Clinical Immunology (Stites & 
320 Terr eds 7th ed. 1991). ' Immunological binding assays (or immunoassays) typically 

~ utilize a "capture agent" to specifically bind to and often immobilize the analyte (in tins 
case the CENP-E or antigenic subsequence thereof). The capture agent is a moiety that 
specifically binds to the analyte. The antibody (anti-CENP-E) may be produced by any 
of a number of means well known to those of skill in the art and as described above. 
25 Immunoassays also often utilize a labeling agent to specifically bmd to and 

label the binding complex formed by the capture agent and the analyte. The labeling 
agent may itself be one of the moieties comprising the antibody/analyte complex. Tnus, 
the labeling agent may be a labeled CENP-E polypeptide or a labeled anU-CENP-E 
antibody. Alternatively, the labeling agent may be a third moiety, such as another 

30 ^.m^d^^^^^^^^ CENP E bearing 
In a preferred embodiment, the labeling agent is a second CENP-E bearing 

a label Alternatively, the second antibody may lack a label, but it may, in turn, be 

?2> 
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bound by a labeled tod antibody specific to antibodies of the species from winch the 
econd antibody is derived. B= second can be modified with a detect morety such 
as biotin, to which a « labeled molecule can specific* bind, such as enzyme-labeled 

strepumdu,. ^ ^ tanunoglobulm constant 

5 ■« such as protein A or protein G may also be used as the label agent. These 

— of the ceU wa»s of streptococcal bac^. They exhibit a 
lg non-hnmunosenic reactivity wi* hnmunoglobulin reborn a vane, 

of species <*e g ^ Kronva., - ai., /. — .. 1H= MO"" 8 < 1973 >" 

10 Akerstrom.arf.,/./— 1 . 13 ^ 2589 - 2542 ^- „ . , 

10 Atestro ^ ^ ^ washbg ^ my bc requlKd 

1 after each combination of reagents. Incubation steps can vat, from about 5 seconds to 
i! several hours, preferably from about 5 minutes to about H--^ 
1 incubadon time will depend upon tie assay forma, analyte. volume of solunon 

U to 40°C. 

>inn-r.nmpeti^ vp Assav Formats 
EL .rmmuuoassays for detecting CENP-E in samples may be euher compete 

l# or noncompetitive. Noncompetitive immunoassays are assays in which the amount o, 
. to case the protein) is directly measure. In one preferred 

captured analyte (m this case m p ,,,„,: cenp-E antibodies) can be bound 

■sandwich" assay, for example, the capture agent (anti-CENP E anub , 
toecuy to a solid substrate on which they are immobilized. These unmotahzed 
25 Z lessen capture CENP-E present in dre.es. sampie. CENP-E is -bus m—d 
:l bound by a labeUng agent, such as a second CENP-E antibot lybeanng ala. . 
amatively, the second antibody may lac* a label, but t may, - t ««. J 

Ubeied tod W*> <° — ° f ^ ^ ^ "* ! , ^ 

^ ed The second can be modified with a detect moiety, such as btotru. to 
30 .ridded molecule can sp^caHy b M , such as enzyme-,abe,ed streptavidn, 
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re petitive assav formats 

In competitive assays, the amount of CENP-E (analyte) present in the 
sample is measured indirectly by measuring the amount of an added (exogenous) analyte 
(i e the CENP-E) displaced (or competed away) from a capture agent (anti-CENP-E 
5 antibody) by the analyte present in the sample. In one competitive assay, a known 
amount of in this case, the CENP-E is added to the sample and the sample is then 
contacted with a capture agent, in this case an antibody that specifically binds to the 
CENP E The amount of CENP-E bound to the antibody is inversely proportional to the 
concentration of CENP-E present in the sample. In a particularly preferred embodiment, 
10 the antibody is immobilized on a solid substrate. The amount of the CENP-E bound to 
- the antibody may be determined either by measuring the amount of CENP-E present in an 
5 CENP-E/antibody complex, or alternatively by measuring the amount of remaining 
I uncomplexed protein. The amount of CENP-E may be detected by providing a labeled 
t CENP-E molecule. 

1^5 A hapten inhibition assay is another preferred competitive assay. In this 

S assay a known analyte, in this case CENP-E, is immobilized on a solid substrate. A 
I known amount of anti-CENP-E antibody is added to the sample, and the sample is then 
t contacted with the immobilized CENP-E. The amount of anti-CENP-E antibody bound to 
i the immobilized CENP-E is inversely proportional to the amount of CENP-E present in 
|o the sample. Again, the amount of immobilized antibody may be detected by detecting 
" either the immobUized fraction of antibody or the fraction of the antibody that remains in 
solution Detection may be direct where the antibody is labeled or indirect by the 
subsequent addition of a labeled moiety that specifically binds to the antibody as described 
above. 

M immunoassays to the competitive binding fonnat can be used tor 

crossreactivity detenninations. For example, a protein partially encoded by SEQ ID 
NO- 1 can be immobUized to a solid support. Proteins are added to the assay that 
compete with the binding of the aMsera to me immobilized antigen. Tne abutty of the 
above proteins to compete with the binding of the antisera to the immobilized protem » 

30 compared to CENP-E encoded by SEQ ID NO:l. The percent crossreactivtty for the 
above proteins is calculated, using standard calculations. Those antisera with less than 
10% crossreactivity with each of the proteins listed above are selected and pooled. The 

3^ 



35 



• bodies are optionally removed from the pooled antisera by 

* - - - ^ ^ homo,OSUK - ■ 

^unoabsorpuon ^ ^ ^ ^ ^ ^ ta , 

« ascribed above to compare a second piotein, thought to be 
binding immunoassay as described above to p CENP-E of SEQ ID 

„ ,, heoroK mofthismv=ntion,totheimmunogenprotem( I .e.,CENFl 1 o « 

5 perhaps the profcin ^ ^ ^ „ , mde 

N0:I) - f amln, of each protein reouir* to inhibit 50% of the 

^ Trirrleimmobiii.edprotein is determined, .f tie amount oft* 
binding of the antisera to mc uum r of ^ 

• ^nired to inhibit 50% of binding is less than 10 times xne 
second protem required to innioi VpH tn inhibit 50% of binding, 

• . K „ ccf) td NOl that is required to lnniou. ju 

0 to an CENP-E immunogen. 



S Qdier^sayjbrmats tlv » 

! 5 .^ErntheU. The technic,. generaily comprises separaung sample 

'■ ' ^b Sllphoresis on me basis of mol^ular weight, transferring the 

1 ' ! r^a suiubiesoUd support, (such as a mtroceilulose filter, a nylon 

V ***** " ™ ffiKr) md tie sample wim me anObodies that 

i0 ^cahybmd^ E. ^ ^ or 

CENP-E on the solid support, m , aie ied sheep anti-mouse 

„, be subseouendy detected using iabeled anubod.es (e.g., labeled 
todies) that SP« fed to the anti-CENP-E an,ibo*« 

Other assay forma, inciude liposome unmunoas a^(UM^ 
M liposomes designed to bind specific molecules (e. , — ^ ^ 
t< or markers The released chemicals are then detected accord g 

S^^.e.tit.o.ndeshabletom^e 
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„-„W to the substrate. Means of reducing such non-specific binding are 
.n-specfic bnrfmg » * ■ ^ ^ toolvK ^ ^ 

weU taw n to parttcAr , proBto compositions such as 

substrate with a proteinaceous P h ^rin are widely used with 

bovine serum albumin (BSA), nonfat powdered milk, and gelatin are wi 
5 powdered milk being most preferred. 

LsfesJS a ;„ thp assav is not a critical 

The particular label or detectable group used m the assay is 

. , eln as long as it does no. significantly interfere with fte specrflc 
^ „, the uwenuon, as long ^ ^ my ^ 

10 binding oftbeandbody used » the assay. The teea weU . 

„ having a detec«ble physical or chemrcal proper*. Such d«e ^ 
- , • firid of immunoassays and, m general, most any 

^ ^'"rZZv****'** rnus.alabelisanyconrposMon 

■r (e . g „ Dynabeads ), fluoresce y (e g _ 

I r^eSe^such.coUoid.goldor.orcdg.sor^c,, 

of labels may be used, wirnui , va nahle instrumentation, and 

conjugation with the compound, stability requirements, avauable ins 

25 disposal provisions. Generally, a 

Nonradioactive labels are often attached by ind^ * 
, w « biotin) is covalently bound to the molecule. The ligana 
Ugand molecule (e.g., Dioun; inherently detectable or 

■ L ano-Ugand (e.g., streptavidin, molecule whrch -"^n. 

M bound to a sign, system, such as a — ^* ^ „. 
, o rhemUuminescent compound. A number or uganui 
30 compound, or a cnemnumiu r Alternatively, 

„ • function with the labeled, naturaUy occurring anti-Ugands. 
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Tt,e molecules can also be conjugated direcuy to signal generating 
undseg by conjugation with an enzyme or fluoropbore. Enzymes of interest as 
22 be hyLlases, particularly pbospbatases. esterases and glycosidases. 

! Hv« rhodamine and its derivadves, dansyl, umbeUiferone, etc. 
5 "* ^cZunds include luciferin, and 2 ,3-dmydrophthalazinediones, e.g., 
^":r 0f V.OUS .abeUng or signal producing systems wbich may be 

, w the label is a radioactive label, means for detection include a 
10 for example, where the label is Where the label is a 

• ♦n.tfcin counter or photographic film as in autoradiography. Where the 
- scintillation counter or v by rnnhrnme , with the appropriate 

D tUM ; t may be detected by exciting the fluorochrome witn tne yy f 

fluorescent label, it may dc The fluorescence may be 

^oth of lieht and detecting the resulting fluorescence. The fluoresce 
« wavelength of light an a electronic detectors such 

*•= * ■ n« means of photographic film, by the use oi ci 

5 — 1 I^CCDs) or photomul.ip.iers and tbe l*e. Similarly, enzymatic 

, 15 35 *"* 7^Ty rovilg I appropriate subsumes for the enzyme and 

detecting the resulting ls - _ . var i ous 

5~ ^ • , v hv observing the color associated with the label. Thus, 

,!TL assays can be used to detect tbe presence of tbe target antrbodtes. 
stance. ^u™« the target 

In mis case, antigen-coated particles are gg _ e of 

antibodies. In this format, none of tie components need be labeled and 
M tt e target antibody is detected by staple visual inspection. 

VI. Assays for modulators of CENP-E for 
CENP-E is a plus end-directed nucrotubule motor that 1 

mitosis Tbe present invention provides for .be firs, time biologically acuv CENP-E. 
30 CaLty o CENP-E can be assessed using a variety o, „ -» assays . *. 
30 The activity ui (Kodama ef fl/., ^ 

microtubule gliding assays (see Example II) o ATPase as y J 

W 99: 1465-1472 (1986); Stewart e, aL. Proc. M. I 

7# 



5213 (1993) Microbe depo.ymeriza.ion assays can also be used to examine CENP-E 
activity (Lombfflo « A. J- Cell Biol. 128:107-115 (1995)). 

In addition, CENP-E activity can be examined by companng antibody 
, , , „ CENP-E or inhibition of CENP-E in vilw using cultured cells or egg 

Characteristics such as spindle assembly and metaphase arrest are used , 
compare the effect of CENP-E inhibition or depletion. 

Such assays can be used to test for the activity of CENP-E isolated from 
„ ™ sources or recombinant sources. Furthermore, such assays can be used to 
10 endogenous sources or re ^ microtubule motor activity 

_ test for modulators of CENP-E. Because the plus end-directed micro 
1 ITcENP-E is essential for mitosis, inhibition of CENP-E can be used no control cell 

1 candidate agents encompass numerous chemical dasses, though typically 

:> _ „ org anic moiecules, preferably small organic ^ 
, 15 ° 8 ^.oo and less than about 2,500 daltons. Candidate agents compnse 

« t l^smfonylorc^xylgroup.pre^lya.leas.moofmem^ 
p ^ "^tliidate agents often comprise cyclical carbon or he«ocyc.ic 

& ^1 alaTor polyLatic structures substituted wi* one or more of the 

" and/or «■* ^ ? ^ ^ ^ 

peptides, saccharides, iany , r f 

Logs or combinations thereof. Candidate age«s are ^ 

Mtematively, libraries of natural compounds in the form of ba^M ^ 

extracts are available or readily produced. AddtttonaUy, natural or syn , 
n "Td" -d compounds are readU, moditied through conventional chetmcal, 
30 ^"ImicalmL. Known pharmaco.ogical agen. may be subbed to 
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tocted or random chemical modifications, such as acylation. action, esterification, 
amidification to produce structural analogs. 

I„ an embodiment provided herein, the candidate bioactive agents are 
orot eins The protein may be made up of naturally occurring amino acids and peptide 
5 bonds orsyr^cpepddonaimeucstrucmres. For example, homo-phenylalamne 
T Uine and no— are considered amino acids for the purposes of the u~ 
Zto acid- also includes imino acid residues such as proline and hydroxyprolme. Tne 
side chains may be in either the (R) or the (S) configuration. In the preferred 
Itl. tie amino acids are m the (S) or L-configuration. If non-namrauy occumng 

10 — ----- 

- retard in vivo degradations. . 
S m mother embodiment, the candidate bioactive agents are naturally 

SI occurring protems or fragments of nauraJly occurring proteins. Thus, for example, 

I Tular lc containing proteins, or random or dhected digests of pr„temaceous 
n - \ r, mav be used In one embodiment, the libraries are of bactenai, fungal, 

r r:— — — - 

t Pr tl embodhnent, the Candida* agents are peptides of from about 5 to 

I about 30 amino acids, with from about 5 to about 20 amino acids ^ 

n^rallv occurring proteins as is outlined above, or random peptides. By ran 

Itially random nucleotides and amhro acids, respectively, may 
a „n«des (or nucleic acids, discussed below) are chemically synthesized, tn y 
TanTntUde or amino acid a, any position. Tne synthetic process can be 
" 1" — proteu. or nucleic acids, to allow the formation of aU or 

of randomized candidate bioactive proteinaceous agents. 

to „n= embodiment, the library is fully randomized, with no sequence 
30 preferences or consents at any position. In a preferred embodiment, the library is 

frit is some positions within the sequence are either held constant, or are 
biased. That is, some F . ■ „ n , eferre d embodiment, 

seated from a limited number of possibilities. For example, in a preferred 

M° 
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fc nucleotides or amino acid residues are ra.domi.ed within a defined class, for 
example, o, hydrophobic a^no acids, hydrophilic residues, sterically btased (=.th=r smaU 
„ r !arge) residues, towards the creation of cysteines, for chinking, prohnes for SH-3 
domains, serines, threonines, tyrosines or bistidines for phosphorylation sites, etc., or to 
5 purines, etc. ^ ^ ^ ^ ^ ^ ^ By ^ 

acid or -oligonucleotide- or grammatical equivalents herein means at leas, two 
B »c,eotides covalently linked metier. A nucleic acid of the present invenrto. wtll 
tetany contain phosphc4iester bonds, although in some cases, as outtmed below 
,0 nudeic acid analogs are included that may have alternate backbones, compnsmg, for 
3 example, phospboramide (Beaucage , ol.. TXratedron 49(>0>:1925 (1993 and 
° K ferer*es therein; Ledger, J. Org. CHem. 35:3800 (1970); S f ^X«al.,Eur.J 
M ST»l:57, (1977); Letsinger « A- 14:3487 (.986); Sawat « aL. 

1 n 305 (1984), Letsinger - *. , 0~ "0:4470 (1 988); and 

- 19:1437 (1991); «* U.S. Paten, No. 5,644,048), phosphorodithioate (Bnu « 

„, J ^ Oem &W. "1:2321 (1989), O-methylphophoroamidite hnkages (see 

2 press) and pepude nucleic acid backbones and linkages (see Egholm, /. Am. CHem. Sac. 
% ^ 895 i Meier e, at.. CHe*. ^ ^. 31:1008 (1992); Nielsen, Nature. 

'■ «( 993, Carlsson , *«. 380:207 (1996). all of which are incorporated by 
3 IL Cer analog nucleic acids include those with positi. backbones = « 
„ Proc mi. Acad. Sci. USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 

23 m. Ed. English 30:423 (1991); ledger « a!.. /. ^. Ctan. S>c 

i ; « - *■ — * **** 13:1597 (1W4); " 
Symposium Series 580, O-M^ h ~ ""^^ 4 . 395 

S Zui - P- ™ ^ok; Mesn^aeker « «,.. B^ic * «*« ■ ^ 5 
, «L- Jeffs « /■ Mffl 34:17 (1994); Tehran UL 37.743 (1996)) 

30 I! — backbones, including ,ose described ut U.S. Patent Nos. 5^5,033 and 
5 034 506 and Chapters 6 and 7, ASC Symposium Series 580, C***J*» 

EEL ' *— — * » ys - sanghui - p Dan cook - 
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chaining one or more carbocyclic sugars are also inc.uded the definition of 

a cid analogs are described in Rawls, C * E News June 2, 1997 page 35. All o the * 
Terences are hereby express., incorporated b, reference. Tnese modrficauons of the 
: „,™hat. backbone may be done to facilitate tie addition of addmonal morenes 
5 TJX - Lase I stabuity and half-life of sucb molec.es in physiological 

fcemade Alternatively, mixtures of different nucleic acid analogs, and rmxmres 

occurring — . acids and analogs ma, be made. The » 

3 stranded or single stranded sequence. The nuclerc acrd may be DNA. both g 

D nN . m . or a hyW d, where the nucleic acid contains any combmatron of 

A "d-L, eottdes.andanycombtoation of bases, — uracU, ademne, 

f cosine, guanine, inosine. xa^e, hypoxanthine, isocytosme, tsoguantne, 

S 5 ~ As described above generaUy for proteins, nucleic acid candidate agents 

" „ • , m „ieties a wide variety of which are available to the Uterature. 

" " a Preferred embodiment, the candidate agent is a smaU molecule. Tne 
sma u mo.ecule is preferably 4 Hodaltons (*d) or less. In another embody the 
compound is less than 3 U, 2*d or In .other embedment the co^J - 
,5 rhan 800 daltons <D>, 5O0 D, 300 D or 200 D. Alternatively, the smaU molecule 
^ r> tn 100 D or alternatively, 100 D to about 200 D. 

75 D to iuu u, ui 1IC <»fiii as lead compounds 

•demodulators that are identified herein may be useful as P 

refers w . impound which is believed to be capable o — ^ ^ „ 

u ^otmeiit aDDlication in both human and animal disease, mu 
30 anumberofcondidonstoc.ud.gbutnotihni.edto: 

Til— of endotheiia, ceils (e.g.. a*erosc,erosis, solid and 

4^ 
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^nors and rumor metastasis, benign amors, for example, hemangiomas, acoustic 
aeuromas, neurofibromas, vascular malfunctions, abnormal wound healing, inflammatory 
^ tamune disorders such as Rheumatoid Arthritis, Bechefs disease, gout or gouty 
^ds abnormal angiogenesis accompanying: rheumatoid arthritis, psoriasis, diabetic 
5 retinopahy, and other ocular angiogenic diseases such as, macular degeneration, cornea! 
sraft rejection, corneal overgrowth, glaucoma, Osler Webber sjmdrome, cardrovascular 
diseJ such as hypertension, cdiac ischemia and systolic and diastolic dysfunction and 
tog al teases such as aspergiUosis, candidiasis and topical mnga! diseases such as tinea 

Ped °' A bioagricultural compound as used herein refers to a chemical or 

- biological compound ma, has utility in agriculttre and tactions to foster food or fiber 

! : Ji ide to selectively control weeds, as a fungicide to contro. the spreadntg o plant 
I *£L aa insecticide to ward off and destroy insect and mite pes.. In addrtton, one 

» aCUVat A diagnostic as used herein is a compound that assists in the identiflcation and 

|o can be used to standard assays as is taown to me art. 

The modulators can be applied to generally any cell type wheretn CENP-E 
nation is desired, i.e., eufcryotic, single ceUed and multiceUed organisms, plan, and 
aajmal, vertebrate, invertebrate and mammalian. 

Modulators of CENP-E are tested using biologically active CENP-E, 
25 preferably biologically active XCENP-E. Modulation is tested using one of the 
Lays dlbed above, e.g., ATPase, microbe binding and/or * 
J*,, and metaphase arres, It is understood mat any of the assays am repeated 
or different types of assays can be used on the same candidate agent to further 
^ZZ candidate agent as a CENP-E modulator. b particular where more tian 
30 "date agent is used, the assay can be repeated using individua! candidate agent. 
Moreover, where a candidate ageo, is a lead compound, further assays can be performed 

Mb 
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i nr ftne similar thereto has 
„ op«,e results - * * ~ " 

^ 4KiKd '"I!' described above, CENP-E is also a useful diagnostic too, 

CENP , ji-^—^srjr^i 

10 active CENP-E, reacu onmfces - variety of kits and componeDls can 

, fce Idt contains biologically active XCENP fc. ^ Qf ^ 

5 te prepared according » «- P-nt — , £ ^ ^ 

?! Jandthe particular needs of to user. For example, tne W 
f assays or nncrombule gliding assays. 

i — ----"SSSSSS-- 

or scope of the appended claims. 
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EXAMPLES 



we Mowing espies are provided by wa, ^^^J 
■ Those of skill in the art will readily recogmze a variety 
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Methods 



AO 

, • *t YrFNP-E cDNA and DNA constructs 
A . Isolation ofXCENP human CENP . E 

Fragments spanning nucleotides 1-1707 and 

•^Q.^tf <539 (1992)) were used to screen a XgtlO adult 

.«n« nouw cDNA clones hybridizing to both probes were isoiarea 
81:1991-1995 (1984)). cDINA cio jr w the intervening region. The 

• «iot P nverlaDDing cDNA clones spanning the intervening 6 

i ""** 2 0 (U 2 ta pp tag regions of tie various cDNA clones were often no. M« 
5 . , „ , " smg ,e base differences a. multiple positions. One eione encoding 

5 teN— 8 2°H region Single base differences between cDNA clones were 
M , VOT1 ormay represent an alternatively spliced XCENi' a » 

i ^"^^^^ 

Q20 Rochester, NY). 

IlJt CENP-E was prepared in order to test its activity « a 
ReC0 .. .vriJNPE was prepared as a fusion protein 

.oicrotubule gliding assay. The recombinant XCENP-E was pr p 

M inducible by IPTG, with a c-myc epitope tag. . ollolasmid The 5' 

first, an XCENP-E was cloned into an expression ^ 
^Uted region of XCENP-E was removed b, PC* «, £ — 
CATATGACCATGGCCGAGGGAGATGCAG and SEQ IB NO.tt ^ ^ 

GTCAGGTCAGCAACATACACG. Tbese primers were us« ■ . ^ 
30 X-CENP-E CDNA and introduce Nde. and Nco, ^ ^ jotaed . 
respective,,. Ms K* Pr°"«« was subcloned mto pCUI O.V« 




• 
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ffi e Nml site with a portion of the XCENP-E cDNA, Co reconstruct a motor domain 
encoding cDNA with an altered start codon. 

An Ncol-Xhol fragment spanning nucleotides 143-1939 was exctsed from 
to reconstruct cDNA fragment and Ugated into NcoL/XhoI cut pEIBd (Novagen) to 

vi oB T23dXCE This plasmid was digested with BsrGI and Xhol, blunt* w«h 
V ; o^Klenow .Led ,0 bp HU^-Eco* fragment from pBSKS + m y c CgiA 

MX to bias orientation of tire insert. The resulting plasnud, pET23dXCEMycHis, 

amino acids !-473 of XCENP-E linked a, the C-terminus to the followrng 
sequence: SEQ H> NO:ll TVSISLGDLTMEQKUSEEELNFEHHHHHH. The c-myc 

ePiKPC " was transformed into E. coli strain BL21 (DE3) pLysS. A 

. c M,n o a MaSO 1 e casaminoacids per liter, ana 
v ^trvntnne 5 e yeast extract, 5 g NaCl, 2 g Mguu 4 , i g 
, ZZZ^l™<°™™°^ The culh.es were allowedtocool to rem 
IlmTand expression of fcsion protein was induced wit, 0.5 mM IPTG at room 
32 AfteTinduction, the ells were used immediate* to prepare fusron prote*. 
cTTwere pelleted and stored a, low temperamres prior to protein isoiation gave low 
to no yield of active protein, due to CENP-E sensitivity to deuaturaaon. 
„ CeUs were haxvested 4 hours after induction, immediately resuspended rn 

, ysis buffer (50 mM Tris-HCl pH ,5, 50 mM NaCl, 1 mM FMSE, 0, mM ATP), and 
, sed by 3 passages through a trench press. Insoluble debris was remov* ^by a ^ 

•«. .i™, at 35 000 rpm in SorvaU T647.5 rotor for 40 mmutes at 4 C. Soluble 
cenmfugauon at 35,000 rpm NT ,. aga rose resin (Qiagen) for 

protein in the supernatant was bound m batch to 0.5 ml of Nl 1 g 
25 5 minutes a, 4'C. The resin was placed in a column, washed wrth 5 ml of W 
bu «er supplemented with ,0 mM — XCENP-E «- ^ 
elution in ,ysis buffer containing .00 mM hnidazole and 1 mM DTT. « 
_ 2 mg of soluble XCENP-E protein from X liter of bactenal culture. Fr^P P 
pt0 ,em was used to assay motility. Incubation of bacterid expressed XCENP mo 
30 protein for longer than 24 hours at 4-C led to loss of motmty. 




46 



C. Fusion protein expression, antibody production, and imnunoblonlng 

The tail and rod regions (see Figure 1) of XCENP-E were used to make 
antibodies to CENP-E. Antigens for o-XCENP-E™ (aa 2396-2954) and «-XCENP-E M0 
„ 826-U06) were produced in E. coli strain BUI (DE3) pLysS as hexahisttdrne taon 
5 proteins using the pRSETB expression plasmid (InVitrogen). Following induction w„h 
fflG for 4-16 hours, bacteria were pelieted, washed and iysed by rapid freeze thaw 
foUowed by sonicate, Inclusion bodies containing the fusion proteins were purified and 
m l„hilized in 8M urea, 0.1 M sodium phosphate pH 8.0. 

0 XCENP-Erod fusion protein was further purified over Ni-NTA agarose 
10 (Qiagen) according ^fnernanufacturer-sinstrucuo ».«^E«^ ™ 
- Sll from preparadve SDS-PAGE gels as described in (Harlow, , a,. Annbod.es. A 
S tLo L* Cold Spring Harbor I— y> (.988,,. These antigens were used 
m to raise polyclonal antibodies in rabbits. 

* For affinity purification, antigen was coupled to cyanogen bromide 

< nurifl (Harlow e, al.. Antibodies, A Labour, Manual (1988)), eluung wtth 0.2 

l :r^-^-^- iomMKjiEpEspH7 - 8 - io0fflM 

* KCl 1 mM MgCU and concentrated using prerinsed centricon spin concentrators 

80 ^ For immunoblots, cytoplasmic extract prepared from metaphaseH arrested 

Xenopus eggs (Murray, in Uetnods in CeU pp. 581-605 (Kay * P^eds., 

( ,991» was resolved on a 4% polyacrylamide ge! (-50 .g/lane), transferred «o 
rlulose and lanes mdividually probed wi* affinity purified c-XCENP-E^ or a- 
25 XCENP-E^ ^ xcENp E ^ ^ ^ ^ ^ 

cuUnres of XTC cells were fixed in methanol and simultaneous* ***** 
monoclonal anti.-n.buUn antibody and affinity purified rabbu c-XCENP-E™ 

3„ the cel. cycle were examined on the blof. interphase, £ ^ 
anaphase, and telophase. Similar staining was observed usmg (x-XCENP 

41 
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tamunob.o.s were prepared as foUows: proteins resolved by SDS-PAGE, 

5 (Amersham) foil w V ^ ^ was ffied 

"7:— — . O^ep.^^pe,^ 
using a Molecular Dynamics model 445 SI phophorimager. 

in D. Spmdie Assmbly in vitro 

CSF-arrested extract is an Xenopus egg extract that is arrested m 

2 Lutic factor CSF-arrested extract was prepared from **** eggs 

« metaphase using cytostatic factor. u» 

* „ „ . ^ 199», was added at a 1 iWM pi of extract. 

Vattee, ed., B»'» "™» „:,„,ir. soindles assembled m 

L ^c^onofXCENP-Ewasexaimaedoumitoncspmdles 

P ■ TububnDA^stainedchromatta.and^^ 

„ (ro . Wulm^P csp ^ ^ egg extract 

1320 C ~!lled(Sawm,« a ,.XC,„ StoI . .1^-940(19,1,,. — 
Z^Zl - added to tbe exacts ,0 visual* mbulin — 
^dles were sedated onto coversiips and stamed witb a«nt, P^ 
a XCENP-E™ -body, followed by FITC-conjugated a-XCENP-E 
„odep,ed„n of extract, 100 ,« of ««^d to 30 ,1 
mtib ody or non-immune rabbi. I g G (Calbiocbem, an Dt^o CA - 

■ a Affinreo beads (BioRad, Hercules, CA) for 1 Hour ai * 

n «F XB CSF-XB containing 0.5 M NaCl, and CSF-XB containing 
W eo™ ana — ic (.0 ,g/ml eacb,. and cytocbalasin B 10 

30 'IT; «F elct was add* , tbe beads and incubated rowing for 1 bour at *-C. 



Demembranated sperm prepared as described (Newmeyer, et al, in 

Methods in Cell Biology, V, «M* « * * ^ ~ ^ * ^ 
! 1 extract at 1-2 x lOVml, and exit from metaphase arrest mduced at room 
of the extract a concentration. Extracts were 

temperature by addition of CaCl 2 to 0.6-0.8 mM tin 

•\r i, v monitored by fluorescence microscopic examination of 1 fd aliquots sq 
periodicaUy monitored oy ^ 

,n„ Murray in Mert«& in ail Biology, pp. 581-605 (Kay <x re g, 
under a covershp (Murray, m appropriate 
1991)) At 80 mmut« following exit from metapte one talfvo ume of to app 

t added and the reaction incubated for a* additional 80-UO nunutes. 
exttac , „ add^ ^ ta ejtraas scoKd a 16Q . M0 

^tes.otalelapsedthne. Bo. mo* depleted and XCE^E 

. , exit interphase, or faUed to remaui arrested at theseconam 
feq uenUy faded to ext. mterp ^ ^precipitates were 

probably as a consequence of expenmental m p x . 100 ^ 

washed 3 times witn CSF-XB containing protease tnhmttors and 0.1 % 

• a k« snS-PAGE and Coomassie staining. 
— " ^ ^^sies.iningand.-XCBNP-^blotof.XCENP-E 

■ aoorecipUa.es inununoprecipitates were prepared from CSF-arrested extract <~ 10 

■ 7 lutlg afflni^ pnrified a-XCENP-E™ antibody, dft* punfied 

» mg total proton) using amnny P wnmoprecipitates were gently 

J (.XCENP-^ anybody, or non-unmune ^ ^ ^ was 

- \.*a thrpt* times with TBS contauung 0.1% Tnton-Aiuu. o 

L rirs^OEona^.ge.andprote.— b, staining wttb 

Coomassie brilliant ^ ^ ^ ^ 

• m ^ (Calhiochenr, a. M mg/ml was added to CSF-arrested extract a, a 
non-immune raboit igu v minutes later, 

, M dilution, fouowed by demembranated sperm nude, and ^ 
25 wh en a half volume of CSF arrested extract was added, a proportton 
appropriate aotibody was added as well. 

Representative snttenrres formed » the presenc «• 
^d in me abseace of added antibody, and in the presence of 0, «W ^ 

veined Rabbit IgG and a-XCENP-Er^ (both at 1U mg/nu, 
antibody were examined. Rabbit g ^ 
30 to CSF-arrested metaphase Xenopus egg extract a a 1 .20 d ut,n . 

m Extracts were then cycled through interphase. At 80 minutes in F 
^rlvoiumeofme.phase attested exnact— g 0, mg/r, of the 
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achate antibody was added. 80 minutes later structures were scored and images 

collected. m . ♦■u^„ 

rotation of structures formed in extract containing no antibody 

,,,-,38) extract confining 0.5 mg/m. non-immune rabbi. IgG (n=132), and extract 
, nling 0 5 mg/ml a-XCENP-IW 0-114) a, 80 minutes after exit from interphase 

IL Le- bipolar spindles with misaligned chromosomes; monopolar spindles, 

10 wlrln t oration; and or other, including multipolar strucmres and groups of 
. chromosomes apparently unassociated with microtubules. 

t : 

i E. Immunofluorescence Microscopy 

I Extract containing mitotic spindles assembled in virro was diluted 30-50 

i fold in BRB80 (80 mM KPIPES, 6 mM MgCl, 1 mM EGTA) containing 0.5% Tnton 
¥ X ^30% glycerol. Spind.es were sediment* a. room temple onto a coverslip 
; ■ f ^3 1 cLLn of BRB80 containing 0.5% Triton X-100 and 40% glycerol at 
S 1 ^ m !s^HS4 roto, Coverslips were fixed m methanol, rehydrated 
8 ™^l,-rnM^pKr 6 ,0,%THtonX-mbloc te d^^ 
In ITr in TBS-Tx and probed win, 5 ,g,ml affinity purified antibody in 1% BSA 
3 : JtT aL washing with TBS-Tx, prim*, antibody was visualized usuig by 

HTC-conjugated secondary goat anti-rabbi, anubody (Cappel) . 

Xenopus XTC cells cultured on coverslips in 60% L15 medium 

10 % fetal calf serum a. room temperature in ambient atmosphere were rinsed in TBS, 

Monoclonal anti-alpha mbuHn antibody DM1A (Sigma) was used a. a duuuon 
t0 stato mic— ^ ^ were collect using a Princeton mstruments cooled 
CCD mounted on a Zeiss Axioplan microscope controUed by Metamorph software 
30 Zl-S to ,Wes.Ches,er,PA). Image process^ was performed using both 
Metamorph and Adobe Photoshop software. 



# 
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F. Preparation of polarity marked microtubules and motility assay 

Taxol stabilized microtubule seeds brightly labelled with rhodamine were 
prepared by incubating a 1:1 ratio of rhodamine labeled bovine brain tubulin (Hyman, « 
I In Methods in Enzymolosy, pp. 478-485 (Vallee, ed„ 1992)) with unlabeUed bovine 
5 brain mbulin at a final tubulin con— n of 2.5 mg/ml in PEM80 (80 mM Pipes pH 
6 o 1 mM EGTA, 1 mM MgC« containing 10% glycerol, 1,M taxol, 1 mM OTP at 
37-C for 15 minutes. Ms mixture was men diluted with 2.75 volumes of warm PEM80 
turning 20 uM taxol and 2 mM OTP, and shear* by 5 passes through a Hamdton 

Sylta8C ' DM, rhodamine-labelled extensions were grown from me brightly labelled 
^ h PEM80 containing 1 mM GIT and 1.5 mg/ml mbulin cocktail consisting of a 
5 .nwure of N-ethyl maleimide modified tubulin (Hyman. e, al, in Methods m 
'A A***,. PP. 478-435 (Vallee, ed., 1992)), unlabeUed mbuUn and rhodamme labeUed 
I Z» a. a ratio of 0.1/0.52/0.38 for 30 minutes a, 37'C. The resulting suspense o 

^ to test motility. . 

25 „! flow chambers prepared from cover slips sealed with an Apiezon 

" unbound protein removed by rinsing with 50 ,1 of PEM80. A nncrotubuWATPmrx 
consisting polarity marked micrombules in PEM80 confining 10 ,M taxol, 2 mM 
MgATP, and an oxygen scavenging system (0, mg/ml caralase. O.OTmg/n, 
oxidase, 10 mM glucose, 0.1% 0-mercaptc.thanol (Kishino, « A. Nature 33:74-76 

15 (1989)) was then flowed into the chamber. . 

Movement of microtubules was monitored at room temperature on a Ze,ss 
Axioplan fluorescence microscope fitted with 63X Plan-Apochromat oil immersron 
objective and a Princeton instruments cooled CCD. Automated time-lapse unage 
acquisition and data analysis was performed using MetaMorph software package 

30 (Universal Imaging, West Chester, PA). 
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i T Till iltifj-ff"" " f Y """"" CENP-E . . 

^ estig ate the role of CENP-E in mitotic spindle formation m v,,ro 

^ extracts «• — >° w "*•«»» ^ * 

LLng was — » «*- «» » ta "**» " ^ ^ ** ~ 

„ «d to raise antibodies suitable for immunodepletion and antibody addmon 

5 — te — nence (SEQ » HO* encodes a protein of ~ - 
^predicted m„,ecnlar mass of 340 ffi a (SEQ ID NO,, 

f Y« CENP-E (XCENP-E) is similar to human CENP-E (hCENP-E), 
I! "aTacidlnlar amino— domain confining a — 
10 Zlule motor domain »** » a globular tail domain by a re^on JJ^» ^ 
a long, discontinuous o-helical coiled coil (I*pas, « *«» 252, 1162- 16^ 0»1). 
? » T « a/ Proc N* -toi *L VSA 92:8259-8263 (1995)) (Ftgure 1A). Wttron 

\ rr it «— »» — - kenp - e - : % 

15 pn yio 8 er*tic(ev„.u<io.ary)r*ighbo^ 

, rLty with human CENP-E, bu, no, with other Knesin-lilte protons (Ftgnre 1> 

^ ol" o, these regions of identity and its large predicted s,e, the conclnston was 

S made mat XCENP-E is the Xenopus homologue of human CENP-E. 

, L TT-rqir r ; - - ° 1- ^-™rectM Microtubule Mo tor 

mmS ^~^^ Xenopus CENP-E a^ed to tie centromeres of 
" ^ ch— s throughout * phases of chromosome movement « > 1~ 
nlaces CENP-E in a position to mediate attachment of chromosomes to rmcrotubules, 

the spindle poles during anaphase A. determ ine the 

To test directly if CENP-E is a microtubule motor and to determme * 
„• fnnalitv of CENP-E movement, the ammo-terminal 473 amino acids of XCENP-b 
dn-ectionahty of CbNr * c . termi nus to 31 amino acids 

» -^a the kinesin-like motor domam, was fused at the C termini* 
3„ . "g mo acid c-myc epitope tag fohowed by a b— tag (see Etgure 
2A and Figure 1C amino-tenninal boxed region). 

hi- 
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» protein was produced in E. a*, and purified over niclcel-agarose, 
I 57 *Da polypeptide as the major product (Figure 2A, lane 1) . 
yielding the expected 57 kDa poiyp p ^ 

• -a * « mvc monoclonal antibody (9E10) (bvans, 
Immnunoblotong witn a « j XCENP-E fusion protein 

SU 5:3610-3616 (1985)) confirmed *• * **» " ^ 

(Figure 2B, lane 2. arrowheads). a riass coverslip using the 

The XCENP-E fusion protein was tethered to a glass cov 
„ of parity marted microbes containing brightly 

O . my o -** " 4 8 2^ to minus ends (Howard, - *. in *** 
fluorescent rhodarrune labeUed seeds n ^ ^ 

digital fluorescence microscopy. P Microtubules moved at a 

flat the immobilized XCfcNl-E men assayed in the 

No movement was observed in Ore absent o, fusion Prtfe- ^ 
, absence o, «-myc antibody Ore XCENP-E foston protein also supp 

gliding, albeit less robustly. , hat cENP-E has plus-ended microtubule 

This experiment demonstrates that CENP E has p 

■ • Furthermore by perturbing CENP-E function in ftwfo <=S8 
^racavuy : ^ twasstownthat session .--.^rcuires a 

Thisresnitcon.as.wi^aprevailmgmodel 
I0 ktoetochore-associatedmrcrotu ^ ^ ^ ^ 

describing mitotic spindle formation m W « « ?96); Hymm , 

rra! * » Ce» «* 5:297-301 (1995); Heald, , *. chiomosomes md 

. ^,_i,nnQ9«l) Both bipolar spindles with misalignea cm 
Ml 84:401-410 (1996)). B I ^ specific protem. was 

mono polar struck were observed when ^XCENP E . ^ ^ 

u YrPNP-E function is impaired by aaarauu v, 
25 rem r- I m vC) These findings mdicate fnat during normal mitotic spindle 
(see Examples Ill-v oeiuw; -ccemblv and in 

Laon. CENP-E plays an essential role „ „ 
prometaphase chromosome movement mat result m metaphase 
7* aU as a plus.ud directed mi— motor acuvity. 
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EML --^^^ a cell cycle-dependent kinetochore 

•■ti«n nolvclonal antibodies were raised against two recombinant antigens, one 

^-c- — *r^iT fa 

5 other corresponding . a portion of the N-tenntaus of the rod domarn ( a -XCENP-E, 0D , 

RgUre 1B> ' tanunoblotting of Xenopus egg extract reveals that the o>XCENP-E„, 
^y specify recogutzes XCENP-E as a single band o, greater than 300 IcDa^e 

— * xcenp - e ^ ^ p : 1 

10 o^Lecl weigh. « may he a dUtinct isoform of XCENP-E .actrng *« *. 

lain, or XCENP-E that has ios. to taU domain as a rest* of partial pr». 
S. Inmrunostaining of cultured Xenopus XTC c=Us usmg a-XCENP-E™ 

r L CENP-E (Yeu, « «/.. 359:536-539 (1992); Brown, « a/., 7. Cefl to. 

| ^: 9 Z, w^.ee.cepuon to t during in.rphase XCENP-E was 1^ to 

I . ^ 3:193-227 X993)) a, the C-tenninal end of the rod domaur (Ftgure 1A 

359 536-539 (1992); Brown, « al., J. Cell. Biol. 125:1303:1312 (1994)). 

Ear,, in prometaphase XCENP-E locales to discrete spots assorted - 
^densed mitotic chromosomes. During metaphase and early anaphase. XCENP-E 
Ie mains in discrete foci on chromosomes, and is also apparent at the spu* poles. 
25 XCENP-E is found at the spindle midzone during late anaphase and telophase 

112 925-940 (1991)) revealed that XCENP-E was also assorted wth kmetochores 
3„ ^L" L Sumlarpa^emsofs.Unngwereobserved.XTCcellsandon 

spindles assembled in vim, using c-XCENP-E MD antibody. 
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^ i. in , ):nJ r r ii rH" ;r ^ fnr rnngressi0Q . A 

is * E ^^^-^ xcENP - E 15 "T* - 

XCENP-JW and** 0-* » - ■» *— - MHMB "l" ^ 

!? y eMDUS egg extracts arrested in metaphase (CSF-extract). 
XCENP-E from 2ta*« « « ^ ^ ^ 

5 immnnoblotting of control and XCENP-E depleted Unldated 
„«, tvrENP-Econld be removed by immunodepletton w.th tits an > 

^ ° f XC T !^e me effects of immunodep.enon on spfcdle assembly and 

. Jovlnt demembranated sperm nnc.ei were added to unde^ed, 

W ''"TT ^^I^ENP-E deplete. CSP.ex.acts. Extracts were released from OF- 
S m ° Ck ? Ita^rbyaJ.onofca.cinmandal.owedtocyclemro^mterp^ 
- imposed metaphase arrest Y ^ of me appropnate 

„ md into me subseonen. ^ ^ eniact 

* nncycled, metaphase-arrested XCENP E deple ■ lalion of M-phas= 

| 5 wasadded to re-impose a metaphase arrest, thus aUowmg me accnm 

T ' r ~ structures. voided predominancy bipolar 

u While mock depleted and nndepleted extract ytelded pre 

W • k h „ m osomes aligned at the metaphase plate, depletion of XCENP-fc 

1 "t l LTmaller increase in the percentage of monopolar strncb.es. 

fjO chromosomes, as well as smaue ,„ nH ated with microtubules with 

- including radial asters, half spindles, and chromosome — - 

determinate organisation. Extended incnbation faded to of 
^es with properly aligned chromosomes. Tms - ^ 

clmosomes reserving non-disced metaphase ot 
25 h me absence of XCENP-E indicates drat deplete .«« B P ^ 
chromosomes to the metaphase plate despite apparently normal spm 

chromosome attachment. decrease in the 

■race independent experiments revealed m every case 

percentage of metaphase spindles accompanied by an ^ 
30 bipolar,misalign cd and monopoiar suites ■ ^ *^ vliable. Failnre of 
Icmre, between * monopolar and ^ wim properi y 

XCENP-E depletion to totally prevent the appease of btpolar spm 
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=fl5 Etail 



„ , „<„mes could be due to residual XCENP-E (below detection limit), may 

simply reflect tea. proportion of spiles h wbicb the — . 
"y — aHsued. These data indicate that XCENP-E, or a complex 
• • » YrFNP-E is required for chromosome concession. 
5 — 8 ^ tot a multiproteu, complex had beer, removed, the 

IxCENP-E^od, Examina* ^°" f ^. lit 

vrFNPE. revealed the presence of multiple bands. This result was 
a-XCENP-fcrAiL rcvc<u r . soindle protems 

• * t YrFNP-E is relatively low in abundance compared to other spinaie p 
10 given that XCENPE is re , 07.447.458 (1996)), XKCM1 (10 

, such as NuMA (8-14 „g/ml (Merdes, * al, ^ 

S / n and Xklp2 (16 Mg/ml. Poled, et al., J. Cell. Biol. 125.1303 1312). 

fig/ml), and XKipz U^s « antibody also contained 

t Inununoprecipitates prepared with a-XCENP-E R0D antibody 

S , tins only two of which were obviously held 

r multiple proteins, only two ot vcENP-IW and «-XCENP-E R0D 

nrP Hnitate Immunoblottmg of a-XCtrst- Ct^l a" 

^unmuooprecptUB- IeV ealed tot one of the proteins is 

urm ui W p K ciptotesw,ma-XCENP-E M1) aaiDodyr 

« XCENPE reta P The oresence of this XCENP-E-related protem in 

B cc-XCENP-Ekod "H**- ^ l^" " = > wUch does n0 , directly 

0 . States prepared using the o-XCENP-E™. antrbody, which does 

tf 0 "^1 — we ig ht species, provides evidence tot ,*e most 

„ ^y.AMitiPUof^CENP^Ap^^ 
„ ^^^^^^^^^ , 
■ n e^ally in view of the removal of multipie proteins upon imrnunodepleuon 
congression, especially in monospecific 
of XCENP-E, XCENP-E roncuon was permrhed » « by a ^ 
a .XCENP-E„, L antibody to CSF-arrested „ egg ex*a«s These 

u • * arn hm and arrested at the subsequent M-phase. 
cycled through interphase and arresr a . X CENP- 
As observed upon immunodepletion of XCENP-E, addition 
30 . thodv resulted in almost total elimination of bipolar spmdles with properly 

1L " ms loss was accompanied by an increase in the percentage of 

aligned chromosomes. This loss was accu 
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bipolar spindles with misaligned chromosomes, indicating a role for XCENP-E m 
Igress on. Also observed was a increase m the proportion of monopolar 
JLres suggesting an additional role for XCENP-E in establishment or maintenance of 

Xie »* «* «" *- b te 

5 also using o-XCENP-E^,, antibody. 

The monopolar structnres observed upon addition of a-XCENP E antibody 
^ arise from disruption o, bipolar spindle assembly. This sort of spindle perturbation 
couia anse uuu. r c U hunit of dynactin, which 

also localizes to kinetochores (Echevem, « al., J. Cell Biol. 
w Session dis^spMlebipolarity, yielding two apparent monopoles. On die 
TT7Lopo.es may also arise from disruption of sister chromatid cohesion upon 

5 Z app-ne, non-disjoined sister — are visible hi stiucbtte ^ = 
If] ... - tn he the products of premature anaphase. These rmauig* m 

k in COD ^ reSS ^° I1 ^ os ^ stent essential role for XCENP-E in chromosome movement, 

S chromosomes associated** monopolar « * 

lo OTEandbody were often found distributed both a. the periphery and w,thin the 

" ^ImuL. U contrast, the smaU proportion of monopoUr structures formed 

Mto perturbation of XKCM1, a relatively abundant „ 
member, which induces formation of large asters as a consequence of decreed 
memoer, » ^.,7^17 (1996)), the asters formed in 

25 microtubule catastrophe (Walczak, et al., Cell M.37-47 (1996)), 

earaas to which .XCENP-E™ antibody was added, or from -^ENPE ^ 

been removed, were not unusuauy .arge. This observation 

not p!ay a role in regulating microtubuie dynamics analogous to that played 
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